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PREFACE 


CIVILISATION has now so far advanced that we may 
relegate as a thing of the past any surprise attack on a 
European country in a time of profound peace. Objec- 
tions to a Channel ‘Tunnel on these grounds can, there- 
fore, be ruled out. In times of diplomatic tension it 
would be both natural and prudent, indeed essential, 
and withal not difficult, to take all necessary steps for 
the complete safeguarding of the English end of the 
Channel Tunnel. 


This book has been written with a full sense of the 
responsibility which an appeal to the public for the 
requisite capital of approximately £200,000,000 in- 
volves. Not only must the Railway be an engineering 
success ; it must also be a financial success. For this, 
two things are necessary, trafic and cheap transporta- 
tion. 

As to traffic, it is certain that the quantity to be 
carried will be enormous. The population at the two 
terminal points of London and Paris has reached the 
huge figure of eleven millions. Moreover, the railways 
of Europe and Asia converge on Paris and Boulogne ; 
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the railways of the United Kingdom converge on 
London. The traffic link between these points will be 
the London and Paris Railway, and the density of 
traffic on this section will, in all probability, exceed that 
of any other railway in the world. 

To obtain cheap transportation for a unique density 
of traffic, a unique system of transport is proposed, 
Brunel’s broad gauge of 7 feet. A reference to p. 10 
will show that the adoption of the broad gauge will 
reduce by more than 25 per cent. the dead weight for the 
whole of the very large passenger traffic to be conveyed 
on the Railway, much of which will be hauled at 120 
miles per hour; this radical departure from the usual 
practice, with a traffic of maximum density, will save 
the haulage of millions of tons of unnecessary dead load 
every year, and will result in a very large financial 
saving. 

The average load of merchandise hauled in Great 
Britain in 1927 was 2°96 tons, weight of waggon about 7 
tons, carrying capacity 10°28 tons. If the proposed 
Railway hauls standard-gauge waggons thus loaded from 
England to the Continent, the tare weight will be 236 
(two hundred and thirty-six) per cent. of the paying 
load. If, on the other hand, broad-gauge waggons 
weighing 20 tons are loaded with 75 per cent. of their 
maximum load of 50 tons, the percentage of tare is 
reduced to 53 per cent., or, if fully loaded, to 40 per 
cent. In the first case, only 30 per cent. of the total 
load is hauled for payment ; 70 per cent. earns nothing 
at all. In the second example, 65 per cent. pays, and 
35 per cent. is carried free ; and, in the third, 71 per 
cent. pays, and only 29 per cent. is free hauled. The 
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key to successful railway operation is a minimum dead- 
weight load. 

The broad gauge will permit the employment of 
1,500 horse-power motors as against a maximum of 
750 horse-power on the standard gauge. 

From its location, the Railway will carry a heavy 
traffic ; the broad gauge, by providing ample power and 
cheap transportation, will carry that traffic in a far more 
economical manner than the existing railways are able 
to do. 

The capital sum required is very large, and in order 
to deserve and receive the confidence of the investing 
public, it is necessary to adopt every known means 
which modern engineering science can suggest to 
cheapen the cost of transportation, of which perhaps 
the most practical and important is the reduction of 
dead-weight load. Subject to the best possible service 
to the travelling public, the interests of the shareholders 
must be paramount. Every penny saved is a penny 
earned. 


It is scarcely too much to say that the future pros- 
perity of Europe, including both England and France, 
depends on a close, cordial, and above all, a far-seeing 
co-operation between Paris and London. 

Lord Dufferin, H.M. Ambassador in Paris in 1893, 
said: ‘‘ Half, or more than half, the misunderstandings 
which have come to exist between the English and 
other nations, especially our immediate neighbours, 
have arisen from want of knowledge of each other’s 
modes of thought, temperament, forms of government 
and mental attitude. Any instrument which can modify 
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this ignorance will have a tendency to promote mutual 
sympathy, good-will and, to a certain extent, a com- 
munity of interests. In proportion, therefore, as we 
can mitigate the horrors of a stormy passage across the 
Channel, whether as regards the discomfort of the 
passengers, or the expense and impediments to traffic, 
will the chances of promoting an amicable feeling 
between the two countries be increased.” 

These are weighty words. It is hoped that the plan 
for a direct Railway between London and Paris may 
be closely examined and found practicable by those 
qualified to judge, on both the engineering and financial 
aspects. With regard to the latter, high authorities 
concur in not anticipating difficulty in providing the 
capital required. 


Owing to the necessarily technical nature of the 
chapters on “ Gauge”’ and “‘ High-speed Traction,” 
the general reader might well be recommended to leave 
that section of the book to the last. 


In conclusion, I desire to express my sincere and 
grateful thanks to the professional men who have 
collaborated with me in the production of this volume. 


WILLIAM COLLARD, 


20, SAVILE Row, 
Lonpon, W.1. 
1st October, 1928. 


CONTENTS 


DETAILS OF PROPOSED RAILWAY 5 : ; ‘ : 
GAUGE . . : . : : : : : ; 
HIGH-SPEED TRACTION ‘ : : 2 : ‘ : 
TRAFFIC . ‘ : 


< . < 2 


Tue TEACHING OF FOREIGN LANGUAGES. : 
RECEPTION OF SCHEME IN ENGLAND . 5 : 
RECEPTION OF SCHEME IN FRANCE . : Z 5 ° 
THE CHANNEL TUNNEL AND NATIONAL DEFENCE. I. : 
CHANNEL TUNNEL : DRAFT REPORT BY MARQUESS OF LANSDOWNE 


THe CHANNEL TUNNEL AND NATIONAL DEFENCE. II . 


APPENDICES 


1. CONSULTING ENGINEER’S REPORT . Es ; 


° > 


2. CHANNEL TUNNEL: Report BY Sir Douc.as Fox & PARTNERS 


3. ESTIMATE FOR ROLLING STOCK : : : . 

4. ESTIMATES FOR ENGLISH SECTION OF RAILWAY : . 
5. ESTIMATES FOR FRENCH SECTION OF RAILWAY : : 
6. ESTIMATES FOR CHANNEL ‘TUNNEL AND SUMMARY . . 
4. Drarr TIME-TABLES  . ' 
8. Mar . : ° : 5 : . : ; ; 
INDEX. . ; : : : - : é 


197 
199 
213 
222 
224 
226 
229 


283 


285 


i) ‘ ) 


| ham? 
hw 
wi 


ei AN wre ; bias © 
7 " 


PROPOSED LONDON AND 
PARIS RAILWAY 


THE greatest political need of our time is a better under- 
standing with France, and nothing can contribute more 
effectually towards this end than improved communica- 
tion between Great Britain and her nearest neighbour 
on the Continent. The genius and devotion of a long 
line of distinguished men, from Thomé de Gamond to 
Sir Francis Fox, have demonstrated the feasibility of 
building the Channel Tunnel ; others have designed and 
constructed a high-speed electric railway car which has 
attained a rate of speed of 130 miles an hour, and it is 
now proposed that a broad-gauge railway designed for 
the economical working of high-speed traffic, should be 
made to link London with Paris per submarine tunnel. 
It is hoped that with the goodwill of the British and 
French Governments, arrangements may be made for 
the customs examinations to take place at the terminal 
stations of London and Paris respectively, thus per- 
mitting a non-stop shuttle service to run between the 
two capitals in 2 hours 45 minutes, at an average speed 
of 92 miles per hour. 


Details of Proposed Railway.—From the London 
terminus the Railway will rise at 1 in 750 for 213 
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miles, passing Peckham, Lewisham, Sidcup, Farn- 
ingham, Fawkham Green, and Ridley, and will then 
fall at 1 in 880 for 74 miles through Trottiscliffe, 
Addington, and Leybourne. Three and a half miles of 
level will succeed, and will bring the line to Maidstone. 
From Maidstone, the Railway will climb at 1 in 1,000 
up the Len valley, with stations at Bearsted, Leeds 
Castle, and Harrietsham, and at 1 in 1,120 through 
Chilston Tunnel, attaining an elevation of 210 feet at 
the eastern end. The next 134 miles will be level, 
the line passing Chilston, Little Chart, Hothfield, 
Ashford, Willesborough, and Brabourne, and the Rail- 
way will then fall at 1 in 1,000 for 2 miles to Monk’s 
Horton Station. At this point, falling 1 in 165, the 
Railway will enter the approach tunnel to the Channel 
Tunnel proper, the former will be nearly 11 miles in 
length. The actual length of the Channel Tunnel, 
H.W.M. to H.W.M., will be nearly 24 miles, and the 
exit tunnel on the French side (at a gradient of 1 in 185) 
g miles, making a total length of 44 miles. It will, 
however, be possible to commence the work of con- 
struction at five different points: the two entrances to 
the Tunnel, the shore on each side of the Channel, and 
the Elham Valley, and from the three intermediate 
shafts, headings in each direction would be driven. 
On emerging from the Tunnel, the Railway will rise at 
a gradient of 1 in 705 for 64 miles, passing near Amble- 
teuse ; then at I in 1,000, passing Wimereux. A short 
level stretch will follow, and then a falling gradient of 
I in 883, passing through Boulogne. ‘The next 18 miles 
will be level, and from Montreuil-sur-Mer the line will 
rise at I in 1,000 for 124 miles. Three miles of level 
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will be succeeded by 8, rising 1 in 1,000, and the 
Railway will reach an altitude of 262 feet above sea- 
level. ‘The next stage of g miles will be level, and the 
Railway will then fall at 1 in 1,000 for 3 miles, followed 
by 3 miles of level, and will then descend at 1 in 1,600 
for 9 miles to Amiens. 

On leaving Amiens, the gradient will rise at 1 in 1,000 
for 27 miles, and the Railway will traverse the valley 
of the Noye, with stations at Ailly-sur-Noye, La Faloise, 
and Breteuil. After passing through the Noyers St. 
Martin Tunnel, the summit of the line will be reached 
361 feet above sea-level at Montreuil-sur-Bréche. From — 
this point, the Railway will fall at 1 in 750 for 9} miles, 
and will be level for 5 miles, with stations at Hermes 
and Cauvigny. The line will then again fall at 1 in 
1,000 for 94 miles, to Persan, and crossing the River 
Oise, on a viaduct, at Beaumont-sur-Oise, will remain 
level for 7 miles. The next 10 miles from Maffliers 
to St. Denis, passing Ecouen, will be on a descending 
gradient of 1 in 750, followed by 4 miles of 1 in 800, 
which will bring the Railway to the entrance to the 
Paris terminus. 

The average gradient both ways over the whole line 
will be 1 in 746; that of the English section, excluding 
the Channel Tunnel approach gradient, 1 in 1,215 ; 
the French section, excluding the Channel Tunnel 
approach gradient, 1 in 1,351, and that of the Channel 
‘Tunnel, including approaches at each end, 1 in 242. 
‘The Railway will be 253 miles in length. 

It is proposed to lay down four lines from London 
to the entrance of the Channel Tunnel, of which two 
only will pass through the Tunnel, and in addition, two 
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extra lines for the suburban district, from London to 
Farningham. The inner pairs of rails will be principally 
devoted to the Continental traffic; the next to the 
English stations beyond Farningham, and the outer lines 
to the London suburban traffic. It is not thought that 
any economy would be secured by laying down a smaller 
number of lines to begin with, and attention is drawn 
to the sections dealing with suburban traffic working. 

In France, it is similarly proposed to operate four 
lines from Paris to the entrance of the Channel Tunnel, 
and two additional lines from Paris to Beaumont- 
Persan for the suburban district. It might be held that 
as the suburban traffic is much less developed in Paris 
than in London, four lines would suffice, but, on the 
other hand, it will be remembered that the suburban 
traffic is growing, and is capable of great expansion ; 
that the present facilities are very little in excess of 
demand, and that the suburban district to be served 
has great natural beauty. The limestone formations 
extend for 35 miles from Paris, and the total length 
of line to be operated from the Paris terminus is 
over 150 miles, more than double the length of the 
English Railway. It is, therefore, thought that it will 
be a wise and prudent policy, contributing to efficient 
and economical working, to lay down six pairs of rails 
from Paris to Beaumont-Persan. 

Works.—To handle a heavy, high-speed traffic with 
safety and economy, necessitates easy gradients and 
wide radius curves. The gradients have been already 
indicated, and the curves have been planned to a 
minimum radius of 7 miles, excepting one at St. Denis, 
with a radius of 5 miles, one at the French entrance 
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to the Channel Tunnel, with a radius of 3 miles, and 
one at the entrance to the Paris terminus, with a radius 
of 1 mile. Electric motors have a gyroscopic action, 
and the wide radius adopted will not only contribute 
to the comfort of passengers, but will provide an ample 
margin of safety for the highest speeds at which it is 
proposed to travel, and even for those which the future 
may have in store for us. 

Naturally, favourable gradients and curves can only 
be obtained with extensive and costly excavations, 
embankments, and engineering works, but all autho- 
rities agree that for heavy, high-speed traffic between 
populous centres, they are essential if operating costs 
are to be kept down. In such cases, undue economy 
of construction means greater liability to accident, 
extravagance in working, and, possibly, economy in 
gross receipts, none of which are to be desired, while 
as the Underground Railways have recently stated, “ it 
is necessary to spend money in order to save money.” 
When a railway is handling a small traffic, the operating 
expenses are small, and even if an economy of 50 per 
cent. could be effected, the actual amount would not 
be large, and would not justify a large increase in the 
capital expenditure. On the other hand, when a railway 
is carrying a traffic of high density, very large sums are 
spent in running expenses, and a saving of 20 or 25 per 
cent. in operating charges makes an important addition 
to the net revenue account. Economy in working 
expenses can only be attained by means of a relatively 
high capital expenditure. 

The principal engineering works on the proposed 
Railway will be a viaduct in South London, and viaducts 
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over the Rivers Medway, at Maidstone (1,148 yards), 
Wimereux (518 yards), Liane (1,527 yards), Dordogne 
(440 yards), Canche (2,395 yards), Authie (1,698 yards), 
Niévre (1,374 yards), Somme, at Amiens (3,060 yards), 
Thérain (1,202 yards), and Oise, at Beaumont-sur-Oise 
(3,248 yards). 

The North Downs will be pierced by three tunnels, 
Farningham (1,505 yards), West Yoke (3,356 yards), 
Pettings (5,524 yards). These tunnels through the 
great chalk quadilateral massif to the north-west of 
Maidstone will, at Fawkham Green, Ridley, and 
Trottiscliffe, provide railway facilities connecting this 
elevated tableland with London in 30 minutes or less, 
and a considerable residential traffic may be anticipated. 
They will also supply an entirely new and direct route 
from London to Maidstone and the Channel Tunnel, 
the remainder of the journey having relatively favourable 
contours. 

With the exception of a tunnel at Chilston (2,521 
yards), no others will be required in England until 
Monks Horton Tunnel (10 miles, 1,606 yards), by 
which the Channel Tunnel will be approached. The 
latter will be 24 miles in length, and has been the 
subject of detailed study by Sir Douglas Fox and 
Partners, who say, in paragraph 35 of their report: 
“Summing up the engineering questions relating to 
the proposed Tunnel, we agree with M. Sartiaux and 
Mr. Brady in the opinion that the enterprise is one that 
can be carried out with certainty, and at comparatively 
moderate cost, the geological and other conditions being 
of an exceptionally favourable character for the con- 
struction of a submarine tunnel.” The tunnels on the 
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French section of the Railway will be as follows :-Mont 
Couple, Channel Tunnel approach (8 miles, 1,592 
yards), Boulogne (219 yards), Widehem (4,860 yards), 
Noyers St. Martin (3,443 yards), Cavillon (3,329 yards). 

In accordance with the recommendation contained 
in the Report of Sir Douglas Fox and Partners, the 
Channel Tunnel and its approaches will consist of two 
separate single-line tunnels, one each for the up and 
down traffic respectively, but it is proposed to make the 
remaining tunnels, all of which, with the exception of 
Chilston, will also be constructed in the chalk, or gault, 
double-track tunnels. Both tracks in each tunnel will 
carry trains travelling in the same direction on the 
fast and slow lines respectively, which will assist ventila- 
tion. ‘Two double-track tunnels are cheaper to con- 
struct than four single-track tunnels, and have the 
material advantage of not subjecting passengers in a 
high-speed train to the discomfort caused by a change 
of air pressure as experienced in the restricted dimen- 
sions of single-line tunnels. In the case of a submarine 
tunnel, however, with only one track in each direction, 
separate single-line tunnels are essential, both for 
ventilation and safety. 
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Railways to-day are in the position of paying wages 
largely in excess of those paid in pre-war days, and all 
commodities purchased are likewise dearer, while the 
general public, their customers, are poorer. ‘They are 
bound, therefore, to study every possible channel of 
economy in working, in order to provide as cheap a 
service as practicable in present-day conditions, with a 
view to keeping fares and rates on the lowest remunera- 
tive basis, and thus earning a maximum revenue. ‘The 
exact determination of the point up to which decreases 
of fares increase net revenue is a matter of great delicacy 
and difficulty, but there is no doubt that more would 
travel if passenger fares were lower. This desirable 
result can only be attained by reducing the cost of 
transportation. With wages, coal, and other expenses 
practically stabilised, further economies would appear 
difficult of realisation, but the London General Omnibus 
Company have indicated the lines on which the problem 
may be solved so far as the proposed Railway is con- 
cerned. Their “B” type of omnibus seated 34 
passengers ; this, “ with the post-war level of costs, 
soon became too small a vehicle safely to enable a 
service to be worked at moderate fares for a profit.” * 


* Mr. Frank Pick, Assistant Managing Director L.G.O.C., Modern 
Transport, 25th March, 1922. 
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The company next introduced the “ K” type, with 
46 seats, and subsequently the “‘ S ” type with 54 seats. 
This type has a carrying capacity 59 per cent. higher 
than the “ B ” type, with the same labour cost per mile 
run; in other words, while paying the same wages, 
the labour operating cost has been reduced by 37 per 
cent. per seat provided. Similarly, the new vehicles 
weigh 4% tons as against 34 tons of the earlier type, 
but the dead weight per seat has fallen from 2°06 cwt. 
to 1°67 cwt., a reduction of 18-93 per cent., and it may 
be assumed that the power cost has been reduced in the 
same proportion. 

The Metropolitan Carriage, Waggon, and Finance 
Company, Ltd., of Birmingham, have kindly prepared for 
this work drawings of a standard-gauge third-class cor- 
ridor coach with lavatories, based on the latest practice, 
and a similar vehicle for a gauge of 7 feet. The former 
provides 1g inches of lateral seat space for 80 passengers, 
with a 2-feet corridor; the latter 20 inches of seat 
space for 132 passengers, with a corridor of 2 feet 
2 inches. The weight of the standard-gauge coach is 
34 tons 10 cwt.; per passenger, 86250 cwt. The 
estimated weight of the broad-gauge carriage is 40 tons 
5 cwt., but the weight per passenger falls to 6-0985 cwt. 
on account of the larger number of passengers carried, 
and shows an economy of weight and haulage power 
required of 29:29 per cent. in favour of the broad gauge. 
Other types of vehicles show somewhat similar results, 
and all are summarised below : 
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. Compart-| Seating ; Weight per 
Vehicle. Gauge. ee capacity. Weight. passenger. 
First-Class Corridor | ft. ins. tons. cwt. cwt. 
with lavatories ... | 4 84 9 54 34 10 12°7778 
Dittow e: eS cw bMS: io) 100 40-85 8:0500 
Difference of weight per passenger St see Bo ee 4°7278 
Percentage difference of weight per passenger ... 35 ae 7200 YG 


ne ee 


Third-Class Corridor 
with lavatories ...| 4 84 10 80 34 10 8:6250 
Ditto GF II 132 4o 5 6:0985 
baile tei ae! 
Difference of weight per passenger wae aa Agb sn 5205 
Percentage difference of weight per passenger ... eee ss 29°29 % 
First-Class non-Cor- 
ridor Suburban] 4 84 10 80 34 10 8-6250 
Ditto “ao | Gf Se) 120 40 5 6-7083 
| _—— 
Difference of weight per passenger vee 506 ane ere O LO 
Percentage difference of weight per passenger ... acc sue 22 oe 
Third-Class non- 
Corridor Subur- 
ban ae are | 2 18s II 110 24a O 62727 
Dittommeee Bee 70 II 176 40 5 4°5739 
Difference of weight per passenger See 606 SH .» 176988 
Percentage difference of weight per passenger ... Bae so0 27°08. 


With regard to goods traffic, it is practicable to build 
standard-gauge waggons weighing 17 tons, with a carry- 
ing capacity of 34 tons, or broad gauge, weighing 
Ig tons 17 cwt. with a capacity of 51 tons. On the 
standard gauge, under the most favourable conditions, 
the dead load per ton transported is 10 cwt., and on the 
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broad gauge, 77843 cwt., the latter showing a saving of 
2°2157 cwt. per ton, or 22-15 per cent. in dead load. 
The standard-gauge vehicles in general use for the 
conveyance of goods traffic in this country are, how- 
ever, of low capacity, and have an average load capacity 
of just over ro tons for merchandise traffic and between 
12 and 13 tons for mineral traffic, with a tare weight of 
about 7 tons and 8 tons respectively. 

Definite information respecting the relative cost per 
unit of accommodation has not been obtained, but it is 
assumed that for passenger traffic it would show results 
approximating to the relative dead weight per passenger, 
and a difference in cost of seats provided of from 22 
to 37 per cent., and for goods traffic a saving of 22°15 
per cent. in favour of the broad gauge. 

In a paper recently read before the Indian section 
of the Royal Society of Arts,* Mr. F. G. Royal-Dawson, 
M.Inst.C.E., compared the Indian broad gauge of 5 feet 
6 inches with the metre gauge of 3 feet 33 inches, which 
is also largely used in that country, and expressed a 
strong opinion respecting the superiority of the broad 
gauge. He said: “It is an established fact, though 
not sufficiently recognised, that the working of the metre 
gauge is inherently less economical than that of the 
broad gauge ; that is to say, for a given volume of traffic 
in a given tract of country, and under a given admini- 
stration, the cost per ton-mile or per passenger-mile 
would be less on a broad-gauge railway than on an 
equivalent metre-gauge line.” 

The railway traffic of India is of much less density 
than that which will be handled between London and 

* Modern Transport, 16th September, 1922. 
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Paris, and the observations quoted above, respecting 
the Indian gauges, will apply with even greater force 
to the advantages of the 7 foot broad gauge over the 
4 foot 84 inch standard gauge for working heavy 
traffic. 

It will probably not be seriously questioned that the 
broad gauge offers very considerable advantages for the 
conveyance of heavy, high-speed traffic, but it is not 
economical on lines of medium or low earning power. 
As most of the railways in this country fall under the 
two latter headings, and as through services could not 
be instituted where a break of gauge existed, and the 
transfer of passengers and goods at an indefinite number 
of points caused endless trouble and expense, there 
cannot be the slightest doubt that the Great Western 
Railway Company took the only possible course in 
converting the broad-gauge sections of their railway— 
which extends from London in the south-east, through 
Birmingham to Birkenhead in the north-west; to 
numerous points in both North and South Wales ; 
to Salisbury, Weymouth, Exeter, and Penzance in the 
south and west—to the standard gauge of the country. 

It may well be asked, if the broad gauge has, after 
actual trial, proved a failure in this country, why should 
it be proposed for the Railway between London and 
Paris ? 

The answer is that the conditions existing are to a 
very large extent dissimilar. The Great Western may 
be likened to a tree, whose branches become smaller 
and smaller as they become more remote from the trunk, 
while, if a rather curious simile may be pardoned, the 
proposed Railway will resemble the bare and branchless 
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trunk portions only of two well-grown trees in a hori- 
zontal position, joined together base to base, with the 
boughs of the trees (which represent the existing rail- 
ways radiating from London and Paris respectively) 
spreading away from each other. In the former case, 
only a portion of the system has a sufficient density of 
traffic to justify the broad gauge, and, as dual operation 
is impracticable, the broad gauge becomes impossible 
on a railway combining both high and low density 
lines. 

On the other hand, with the possible exception of a 
line to the Kentish coalfields, the proposed Railway 
will have no branches, and is not likely to have any, as 
the districts through which it passes, in both England 
and France, are already adequately supplied with railway 
communication. It will connect the two most populous 
centres in Europe, in each of which are found numerous 
termini of important arterial railways, by which in one 
case the provinces and the principal ports handling 
American traffic are brought into easy communication 
with London, and in the other, not merely her own 
provinces, but a large part of the Continent is brought 
into touch with Paris, the metropolis of Europe. 

It will, therefore, be evident that the whole, and not 
merely a part, of the proposed Railway will carry high 
density traffic, and is, therefore, suitable for the broad 


gauge. 


Goods Traffic and the Broad Gauge.—The next 
objection that will be raised may be put as follows: 
‘“‘ If consignments of goods, originating from points 
north of London, are destined to Paris or stations south 
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thereof, or vice versd, will they not be tendered to the 
proposed Railway in standard-gauge vehicles, and such 
being the case, will not the transfer of goods involve 
great expense, and dislocation of traffic, reproducing the 
same annoyances and loss as that which led the Great 
Western Railway, many years ago, to discontinue the 
broad gauge ? ” 

Practically the whole of the rolling stock in this 
country for the conveyance of merchandise traffic 
consists of four-wheeled waggons, having an average 
tare weight of 6-8 tons and a carrying capacity of 
10-12 tons, but the operating statistics published by 
the Ministry of Transport show that the average load 
of merchandise carried is (1927) 2°96 tons. 

It is reasonable to assume that trucks conveying 
traffic to London may be better loaded than the average, 
and we will, therefore, take an average load of 4 tons, 
but no management receiving a consignment of 100 
trucks, with a tare weight of 700 tons and a paying load 
of 400 tons for a transit of 250 miles would send them 
on as received. At the lowest, they would tranship 
from some of the trucks into others in order to send 
forward only completely loaded vehicles. This is, of 
course, regularly done in the United States at tranship- 
ment stations, where Less-than-Car-Load-Lots are made 
into Car-Load-Lots. 

The unit cost of transhipment varies inversely as 
the quantity to be handled; when this is large, the 
installation of expensive machinery is justified, and 
produces economical results. 

The merchandise traffic passing through the Channel 
‘Tunnel would undoubtedly be large enough to permit, 
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economically, entire transhipment into high-capacity 
waggons, and if this is conceded, it matters not whether 
the waggons are of standard gauge or broad gauge, 
except in so far as the latter has a lower proportion of 
tare to paying load. ‘Taking the figures quoted above, 
a dead load of 7 tons to an average paying load of 
4 tons standard gauge, represents a proportion of 175 per 
cent. for tare, while in a fully loaded high-capacity 
broad-gauge vehicle the proportion falls to 39 per cent. 
This is important on account of the length of the haul, 
which, making allowance for transhipments at Boulogne 
and Amiens, would average nearly 200 miles, and also 
on account of the adverse gradients of 1 in 165 and 
I in 185 encountered after passing through the Channel 
Tunnel in either direction. 

It may further be stated that in view of the com- 
mercial importance of both London and Paris, a large 
amount of traffic originating in one of these cities will 
be consigned to the other, and in this case no break of 
gauge will occur, the only thing that matters being 
efficient and economical transportation. 

All consignments of goods from abroad will have to 
be inspected, presumably in London, by the English 
Customs authorities, and in the majority of cases the 
railway waggons would have to be unloaded for this 
purpose. The goods, if intended for destinations in 
the interior of England, could be repacked after examina- 
tion into standard-gauge waggons belonging to the 
existing English railways, one transhipment thus serv- 
ing both purposes. Goods forwarded from England 
to France would also pass the Customs at the point 
where their broad-gauge journey terminated, either at 
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Boulogne or Paris, thus obviating a supplementary 
transhipment on account of the change of gauge. 

Even if the proposed Railway were constructed on 
the 4 foot 84 inch gauge, it is extremely doubtful if 
the English northern railways would permit their 
rolling stock to operate on the Continent of Europe, in 
view of the delays inseparable from its return, and the 
necessity for capital outlay to keep the home stock at 
its former figure. The difficulties of some of the 
American railways in this respect are well known. 
This would necessitate transhipment in London. 

If the broad gauge is adopted for the proposed 
Railway, its rolling stock will operate merely between 
London and Paris, a distance of 253 miles, but should 
it be built on the standard gauge, it would be difficult, 
if not impossible, to resist the demand for through 
loading ; its vehicles would be found in every railway 
centre in Great Britain and the Continent, and the 
capital outlay for rolling stock would be increased 
tenfold. 

The four-wheeled vehicles in general use in this 
country for merchandise traffic are not suitable for high 
speeds, and are rarely worked in excess of 40-45 miles 
per hour. By the proposed route, the Channel Tunnel 
and its approaches will have a combined length of 
about 44 miles, with an adverse gradient of 1 in 165 for 
11 miles in one direction and 1 in 185 for 11? miles in 
the other, the exit gradient in the latter case com- 
mencing in the Channel Tunnel proper. In these 
conditions, it is not thought that slack-coupled trains 
of such vehicles, starting from rest in a siding, could 
pass through the Tunnel in less than 60-70 minutes. 
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At first, and probably for many years to come, there 
will only be a single track in each direction through the 
Tunnel. A five minutes’ interval would be necessary 
after a passenger train entered the Tunnel before a 
waiting goods train, stationary in a siding park, would 
be able to follow, and a minimum headway of 40 minutes 
would be required between a goods train of this character 
and the following passenger train, which would pass 
through the Tunnel in about 39 minutes, assuming a 
timetable margin of 10 minutes between the goods and 
passenger trains at the exit of the Tunnel. It would, 
therefore, be possible to work one ordinary goods train 
through the Channel Tunnel whenever a timetable 
interval of not less than 45 minutes is provided between 
two passenger trains. 

Owing to the extraordinary length of the Tunnel, 
the inspection and renewal of the permanent way will 
present exceptional difficulties. _Permanent-way men 
and gangers will have to be dropped at points by a 
special car, and picked up by another, when they have 
done their work. On account of the heavy traffic 
and comparatively short intervals between the passenger 
trains, this will be impracticable during the daytime, 
and it will probably be found necessary to entirely 
close the Tunnel for a period of four hours nightly, 
in order that the examination and maintenance of the 
track may be rigidly and effectively carried out. 

Incidentally, the permanent way on this section of 
44 miles will not be liable to weather deterioration, and 
the variation of temperature will be less than usual, 
thus permitting a smaller expansion allowance between 


one rail and the next than is required in the open, which 
© 
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would contribute to comfort in travelling and lessened 
wear for the rolling stock. 

The first train from London will enter the Tunnel 
at 5.50 a.m., and there will be one other train before 
7.45 a.m. From this time until 9.5 p.m., 32 south- 
bound passenger trains will pass through the Tunnel 
on the ordinary timetable, and during this portion of 
the day there will only be four intervals of 45 minutes 
between passenger trains, and none of longer duration. 
After 9.5 p.m., there will be three more passenger 
trains, the last entering the Tunnel at 0.35 midnight. 
In these conditions the number of normal standard- 
gauge goods trains that could be worked through the 
Tunnel in the day of 20 hours would be very limited, 
and would, it is thought, be insufficient to carry the 
traffic. 

If, however, special goods rolling stock were built 
to work safely through the Tunnel at the same speed 
as the passenger stock, z.e. with an average non-stop 
running speed of 67 m.p.h., or from a dead start to 
flying finish at an average of 59 m.p.h., with a maximum 
speed not exceeding go m.p.h., we shall be able to work 
a goods train through the Tunnel whenever we have a 
20-minute interval between passenger trains, two in 
30 minutes, and three in 40 minutes. Double heading 
would be provided for this section in order to maintain 
the required speed on the long gradients of approxi- 
mately 11 miles each leading out of the Tunnel, without 
reducing the weight of the trains, or an alternative 
scheme would be to double-track the exit tunnels, the 
widening to begin as soon as the submarine portion 
was passed. On the remainder of the journey, the goods 
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trains would travel on the slow lines at the speed found 
to be most economical, probably about 40 miles per 
hour. 

It is, therefore, of great importance that the goods 
rolling stock should be capable of travelling safely 
through the Tunnel at higher speeds than can be per- 
mitted to the ordinary four-wheeled standard-gauge 
waggons of to-day, and if specially constructed to run 
at the same speeds as the passenger rolling stock for 
the submarine portion of the journey, it will be possible 
to convey a maximum volume of traffic, both passengers 
and goods, through the Tunnel. This special rolling 
stock could, of course, be constructed on the standard 
gauge as on the broad gauge, but either would neces- 
sitate transhipment. 

A further point is that four-wheeled merchandise 
and mineral trucks are more liable to failure than 
ordinary passenger stock. A derailment in the re- 
stricted dimensions of a single-track tunnel of the 
altogether unprecedented length of 44 miles would be 
a serious matter, involving several hours’ delay to the 
traffic, and as a precautionary measure it would be wise 
to forbid the use of the Tunnel to this class of traffic, 
which it will be remembered is not usually fitted with 
continuous brakes. 

From whatever point of view it is regarded, tranship- 
ment of goods, to obtain better loading, more economical 
haulage, or more effective use of the Tunnel, is inevitable. 
If the transhipment is effected into broad-gauge vehicles, 
we have increased economy of transit, a lower capital 
cost per unit of accommodation provided, and an 
infinitely smaller capital outlay for rolling stock. 
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Passenger Traffic and the Broad Gauge——London 
and Paris are not only the most populous cities in 
Europe, but their populations contain a larger pro- 
portion of those classes who provide the bulk of the 
receipts from long-distance travel than is found 
elsewhere. 

In addition, there are very few English people of 
these classes living outside London who have not social 
or business relations with the metropolis, and who do 
not spend at least some days in it every year. 

It is, therefore, thought that a large part of the 
passenger traffic from England to the Continent would 
originate in London, not merely from those who 
normally reside there, but also from those from other 
parts of the United Kingdom, who customarily visit 
London for business or pleasure, and would subse- 
quently proceed to the Continent. 

To all continental passengers commencing their 
journey in London, whether residing there either 
permanently or temporarily, a break of gauge in London 
would be a matter of indifference, and it is felt that 
these would constitute a very large proportion of the 
total traffic. 

Further, all passengers entering England, or entering 
or leaving France, with the whole of their belongings, 
have to undergo examination by the Customs. In the 
case of the Paris and Brussels international non-stop 
expresses, hand luggage is inspected in the train ; other 
luggage on arrival at Paris and Brussels respectively ; 
with the London and Paris air services, all luggage is 
examined at the terminal stations, and it is hoped that 
arrangements of a similar character may be made for 
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the proposed Railway in order to avoid an intermediate 
stop. The Customs examination will entail the complete 
evacuation of the train for passengers, luggage, and 
goods (luggage and goods registered to the frontier 
alone excepted). Where this takes place, a break of 
gauge becomes of none effect; passengers can with 
equal facility return to the train by which they have 
travelled, or enter another. 

Two or three years ago, there were some rather 
serious complaints of the inadequacy of the accommoda- 
tion provided on the cross-Channel services during the 
holiday months of August and September. The diffi- 
culties are principally caused by the fact that the traffic 
is very far from being uniform throughout the year, 
nor is it evenly distributed over the hours of the day. 
It would probably be within the mark to estimate that 
a service in the holiday months may have to carry, as a 
maximum, three or four times the average number of 
passengers who travel by it throughout the year, and 
this maximum may be thirty times as great as the number 
of passengers in a minimum winter load. It is, there- 
fore, essential that a railway should have a considerable 
reserve of carrying power above the average demand, 
in order to enable it to cope with holiday traffic. 

Elsewhere, in this book, it is estimated that the 
proposed Railway will annually carry 12% million 
passengers (counting both ways) through the Channel 
Tunnel. Assuming that there are 350 effective working 
days in the year, this is an average of 17,857 passengers 
each way per day. If these passengers are evenly 
spread over a 13 hours’ day, they would require one 
broad-gauge train, seating 550 passengers, every 24 
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minutes. The summer holiday traffic might easily 
reach at certain hours on certain days a maximum 
density of three times this figure, which would necessi- 
tate a broad-gauge train every 8 minutes. 

All authorities agree that exceptional precautions 
should be taken for working traffic through the Channel 
Tunnel, and Lord Lansdowne’s Draft Report (pre- 
pared in 1883) recommended that not more than one 
train at a time should be allowed on the severe gradients 
giving access to, or egress from, the Tunnel. Railway 
equipment has made great strides in the forty-five years 
that have elapsed since this Report was penned; the 
maximum gradients now proposed are considerably 
easier, and the suggestion may, perhaps, err on the side 
of over-caution; but in this connection it may be 
mentioned that the two inclines leading out of the 
Channel Tunnel on the proposed Railway will be about 
11 miles in length, and will be traversed in 8 minutes 
by the electric trains passing through the Tunnel. 
Consequently, a service of three times the average 
density, carried on the broad gauge, would comply 
with the conditions laid down in Lord Lansdowne’s 
Report. 

If, however, the proposed Railway were constructed 
on the standard gauge, it would be necessary to provide 
nearly double the number of trains to accommodate the 
traffic, and this would entail either :— 

(a) running trains during the peak period with a 

less interval than 8 minutes between them ; 

(5) constructing a duplicate tunnel at heavy expense, 

which would only be occasionally needed ; or, 

(c) inadequate accommodation for the public at 
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holiday times, which would injuriously affect 
the reputation of the Railway. 

One broad-gauge tunnel for each direction, by reason 
of its greater carrying power, will efficiently handle the 
holiday traffic on the proposed Railway, which in all 
probability at certain seasons in the year, would exceed 
the capacity of corresponding tunnels on the standard 
gauge. 

For suburban services, where corridor coaches are 
not used, the broad gauge will give a 50 per cent. first- 
class and 60 per cent. third-class increase in carrying 
capacity in trains of a given length, with no increase in 
labour operating charges, and an increase of only 
16-7 per cent. in the dead load. The dead weight per 
unit of accommodation provided, which is followed very 
closely by the power consumption, shows a reduction 
of 22:22 per cent. for first-class, 27-08 per cent. for 
third-class, and labour of 33:3 per cent. and 37:5 per 
cent. respectively. 


Wind Pressure.—As will be seen later, frontal wind 
pressure is a factor of very great importance in high- 
speed running, and on the basis of 19 inches of seat 
space per passenger, a 24-inch corridor and 4-inch sides 
to the coach, a third-class standard-gauge coach will 
seat four passengers a side with an overall width of 
g feet, an average of 27 inches per passenger. Under 
the same conditions, the broad gauge will seat six 
passengers a side, with an overall width of 12 feet 
2 inches, an average of 24:3 inches per passenger, 
showing a difference of 2:6 inches per passenger in 
favour of the broad gauge, being 9°88, or, approximately, 
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Io per cent. It is intended to build the rolling stock 
on the proposed Railway to a maximum overall width 
of 12 feet 10 inches, but as increased lateral accommoda- 
tion per passenger will be provided, the comparison 
given above is not affected. 

A broad-gauge train with a given seating accommoda- 
tion will be only about two-thirds of the length of a 
standard-gauge train of equal seating capacity; the 
broad gauge will therefore show considerable economies 
over the standard gauge per passenger carried, both as 
regards frontal wind pressure, and air resistance on roof, 
sides, and bogies. 

With regard to high-speed traffic between populous 
centres, a further advantage of the broad gauge is that 
as the space between the rails, and, consequently, the 
width at the driving axles is increased by approximately 
50 per cent., and the bearings and other gear are not 
sensibly affected, practically the whole of the increased 
lateral space thus gained can be devoted to the accommo- 
dation of the motors, and as the loading gauge on the 
proposed Railway will not be limited by pre-existing 
tunnels or bridges, the vertical dimensions of the 
motors can also be increased ; consequently no difh- 
culty will arise in providing motors of at least twice 
the maximum power possible on ordinary standard- 
gauge rolling stock. The power available for traction 
is materially augmented on the broad gauge, while the 
dead weight per unit of accommodation provided shows 
a marked diminution, thus greatly increasing the ratio 
of power to weight, thereby permitting a higher speed, 
a shorter transit time for the journey, and, consequently, 
a larger traffic. 
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The broad gauge of India was adopted partly on 
account of its greater stability in tropical storms, and it 
will be a safety factor on the proposed Railway where 
it crosses lofty and exposed viaducts. It would also 
seem not inappropriate that an increase of normal 
maximum speed from say 80 miles per hour to 120 
should be accompanied by a proportionate increase in 
vehicle base width, and this should certainly contribute 
to steady running at high speed. 

For passenger traffic, the broad gauge offers a marked 
reduction in the dead-weight load, necessarily hauled 
at high speeds ; a considerable diminution per unit of 
trafic in both frontal and lateral wind pressure ; one 
Channel Tunnel constructed on the broad gauge will 
nearly do the work of two standard-gauge tunnels ; 
the broad gauge provides a wider space between the 
rails, thus giving greater stability and increased room for 
machinery ; by augmenting the passenger accommo- 
dation in trains of a given length it reduces the labour 
operating cost per passenger carried. All these advan- 
tages will be obtained without change of vehicle other 
than that normally required for Customs formalities. 


Cost of Broad Gauge ——We must now inquire, with 
some care, what the extra cost of a broad-gauge railway 
would be, in order to ascertain if the savings in operating 
costs would justify the extra outlay. 

Land.—It is not considered that the cost of land for 
a broad-gauge railway would exceed that for a standard- 
gauge railway, provided a heavy traffic is to be handled, 
as the carrying capacity of the broad gauge is from 50 to 
85 per cent. greater (according to the class of vehicle 
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used) ; the gauge 49 per cent. greater, and the formation 
width only 25 per cent. greater. The quantity of land 
required being based on potential traffic-carrying 
capacity, two broad-gauge lines in each direction will 
easily do the work of three standard-gauge lines, and in 
fact the land required per 100,000 passengers, with 
reserve for developments, is actually less on the broad 
gauge than on the standard gauge. 

Earthworks —The difference of width between the 
broad and the standard gauges is 2 feet 34 inches, to 
which must be added the greater overhang of the broad 
gauge vehicle of 1 foot 64 inches, giving a total of 3 feet 
Io inches per track; 15 feet 4 inches for four tracks, 
and 23 feet for six tracks. The average depth of cuttings 
on the English six-track section is 38 feet ; they extend 
for 16,730 yards ; the average depth of cuttings on the 
four-track section is 45 feet, with a distance of 25,965 
yards. The extra excavation due to the broad gauge, 
with a 20 per cent. allowance for error, amounts to 
1,947,372 and 2,399,166 cubic yards respectively. 
Extra cuttings for sidings are estimated at 841,116 cubic 
yards, making a total of 5,187,654 cubic yards attribut- 
able to the broad gauge, which, at 2s. 2d. per cubic yard, 
represents a money value of £561,996, or 9:2 per cent. 
of the outlay. 

Calculated in the same way, the extra cuttings on the 
French section of the line due to the broad gauge 
amount to 20,467,625 cubic yards, costing £2,217,326, 
or 9:2 per cent. of the total. 

The excavation required for the slopes of the 
cuttings is the same for either broad or standard gauge, 
as is also the space beside and between the tracks, 
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save only for a slight addition due to increased over- 
hang; the 50 per cent. increase in gauge, and even 
greater increase in carrying capacity are, therefore, 
gained at a markedly lower percentage increase in 
excavation costs. 

Bridges and Viaducts——The extra width of bridges 
and viaducts, due to the broad gauge, is 15-75 per cent. 
for six-track sections and 14:75 per cent. for four- 
track sections. The six-track viaduct in South London 
is estimated to cost £3,588,085, of which £565,124 is 
due to the broad gauge, and the four-track viaduct at 
Maidstone will cost £625,660, of which the broad 
gauge will be responsible for £92,285. 

There will be several four-track viaducts in France, 
with a total cost of £10,177,950, of which {1,501,248 
is attributable to the broad gauge. The total excess for 
England and France is estimated at £2,158,657. 

The six-track viaduct in South London will be 
situated at a point where great density of traffic will be 
experienced at certain hours of the day. In the follow- 
ing table, the viaduct cost for each pair of standard- 
gauge lines, one up and one down, is taken as 85, as is 
also their carrying capacity, and it will be seen that a 
viaduct for six broad-gauge lines, costing 300, has 
practically the same carrying capacity as one carrying 
ten standard-gauge lines costing 425, thus showing a 
striking economy not only in working expenses, where 
it may be expected, but in actual capital cost, where 
it would perhaps hardly be looked for. | 
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STANDARD GAUGE. BroaD GAUGE. 
No. of Carrying Carrying 
lines, Cost. capacity. Cost. capacity. 
2 85 85 100 140 
4 170 170 200 280 
6 255 255 300 420 
8 340 340 
10 425 425 


It should, perhaps, be explained that the reason why 
a 50 per cent. increase in gauge does not involve a 
50 per cent. increase in viaduct cost is that the greater 
part of the width of a railway is occupied by spaces 
separating the tracks and on the outside of them. Thus, 
on an ordinary standard-gauge double line, the forma- 
tion width is 30 feet, and the space between rails 4 feet 
84 inchesx2=g feet 5 inches. It is only this latter 
which is increased by 50 per cent., plus a small allowance 
of 1 foot 6% inches per track for increased overhang, 
and, therefore, the formation width for a double-track 
broad-gauge line would be only 37 feet 8 inches, as 
against a standard-gauge width of 30 feet. 

The difference of 7 feet 8 inches represents an 
increased width of 25:5 per cent. on the standard gauge, 
but, calculated inversely, a reduction of only 20-4 per 
cent. on the broad gauge. Trains will run on the 
proposed Railway at very high speeds, and in order to 
safeguard the men working on the line, it will be 
necessary to allow a wider space between each track 
than has hitherto been customary, whether the line is 
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standard gauge or broad gauge, and with this increase 
of the fixed factor the percentage of the variable to the 
whole is reduced to about 15 per cent. 

Tunnels.—It is estimated that the increased cost of 
tunnels due to the broad gauge, is about 31-48 per cent. 
of the total. This is based on the difference between 
the sectional area of a tunnel 18 feet in diameter, and 
one 22 feet in diameter. The cost of tunnels in England 
and France will be £6,752,700 and £5,906,100 respec- 
tively, and the Channel Tunnel £24,000,000, the whole 
amounting to £36,658,800, of which 31-48 per cent. 
equals £11,540,190. 

Permanent Way and Sidings——As in the case of 
bridges and viaducts, it is considered that the additional 
outlay for the broad gauge will represent about 15 per 
cent. of the total. This is estimated as £6,040,000 for 
England, £13,720,000 for France, and £960,000 for the 
Channel Tunnel, a total of £20,720,000, of which 15 
per cent. amounts to £3,108,000. 

Rolling Stock.—In view of the greater accommoda- 
tion provided by a vehicle of a given length, the cost 
per seat for passenger traffic and per cubic foot for 
goods traffic will not be higher on the broad gauge 
than they are on the standard gauge; they will in all 
probability be less. No allowance has, therefore, 
been made for increased capital charges under this 
head. 

The extra cost of constructing the proposed Railway 
on the broad gauge appears to be £19,586,169, to which 
must be added interest on capital during construction, 
calculated at 5 per cent. per annum for four years, 


£3,917,234, making a total difference of £23,503,403, 
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or 12°42 per cent. on the estimated capital outlay of 
£189,177,094. 


Economies of the Broad Gauge.—The economies in 
operating costs effected by the broad gauge are attribut- 
able to the lower dead weight per passenger and per 
ton of goods transported ; also to the lower labour cost 
per unit of traffic, consequent on the higher carrying 
capacity of trains of given length. 

They are greater for passenger traffic than for goods 
traffic, and the importance of the saving increases with 
the speed and also with the density of the traffic. They 
are higher with corridor passenger stock than with non- 
corridor, but lower in high-capacity waggons for goods 
and mineral traffic, as in these the tare load, on which 
alone the saving is made, bears a lower proportion to 
the total load than in low-capacity vehicles. 

Speaking generally, it is believed that the broad 
gauge will show an economy in dead-load passenger 
haulage of from 22 to 37 per cent. Let us take the 
average as that shown for a third-class corridor passenger 
coach, say 29°29 per cent. It is thought that the dead 
load for passenger-train traffic amounts to about 80 per 
cent. of the total; therefore, an economy of 29:29 per 
cent. in the dead load would amount to a saving of 
23°43 per cent. on the total load. 

In dealing with goods traffic, we must take the most 
improved type of waggon which can be constructed on 
the standard gauge, and not the ordinary 10-ton capacity 
waggon in general use, as the basis of comparison with 
what can be done on the broad gauge. We, therefore, 
take a standard-gauge waggon weighing 17 tons, with a 
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carrying capacity of 34 tons, that is to say, with 10 cwt. 
of tare for every ton carried.* A corresponding broad- 
gauge waggon will weigh 19 tons 17 cwt., and carry a 
load of 51 tons, the dead load being reduced from 
10 cwt. to 7-785 cwt. for every ton of paying load. The 
saving in dead load per ton carried is, therefore, 2:215 
cwt., or 22°15 per cent., but only 7-38 per cent. on the 
total of live and dead load together. 

In this calculation, it has been assumed that both 
the standard-gauge and broad-gauge waggons have been 
fully loaded. This is the ideal to be aimed at, but, 
of course, it is manifestly impossible that all waggons 
should at all times be loaded to their maximum capacity. 
If we take an average of 75 per cent., this would be a 
considerable improvement on existing practice, and 
would probably be as high as could ever be realised in 
actual working conditions over a period. The economy 
in dead load would, of course, be the same as for 
fully loaded waggons, 22°15 per cent., but the saving 
on live and dead load combined rises from 7:38 per 
cent. for fully loaded waggons to 8-86 per cent. for 
waggons loaded to 75 per cent. of capacity, which it 
is thought is the maximum average loading attainable 
in practice. 

For both passenger and goods traffic, labour 
operating cost shows a diminution on the broad gauge, 
which is estimated at 46-0 per cent. for first-class cor- 
ridor stock; 39:4 per cent. for third-class corridor 
stock; 33:3 per cent. for first-class non-corridor 


* With waggons for mineral traffic we could get a rather lower 
percentage ; for merchandise traffic, not quite so good; this figure is 
given as an average. 
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(suburban) traffic; 37:5 per cent. for third-class 
non-corridor traffic, an average of 39 per cent. for 
passenger traffic, and 33-3 per cent. for goods traffic. 
These figures are based on the increased lateral accom- 
modation provided by the broad gauge on trains of a 
given length. 

Maintenance and Renewal of Way and Works.—The 
passenger traffic on the proposed railway is expected to 
earn rather more than twice as much as the goods 
traffic; there will consequently be at least double as 
many trains, and these trains will travel at double the 
speed of the goods trains. The estimated saving in 
gross weight for passenger accommodation, 23°43 per 
cent., has been, therefore, multiplied by four, adding 
in the goods-train economy of 8-86 per cent., and the 
figure thus obtained has been divided by five, giving an 
average percentage for the whole of 20°51. This has 
been reduced by one-third, on the assumption that 
one-third of repairs is due to weather and natural decay, 
and two-thirds to traffic,* and shows a net saving under 
this head of 13:68 per cent., with a money value of 
£535,913. 

Maintenance and Renewal of Rolling Stock.—It is 
thought that the cost of broad-gauge rolling stock per 
unit of accommodation provided will show a reduction 
as compared with the standard gauge, following very 
closely the estimated reduction in dead weight, and it 
is expected that the outlay for maintenance and renewal 
of rolling stock will show a corresponding reduction. 
We, therefore, take the figure of 29:29 per cent. for 


* Proportion given by Sir William Acworth, The Elements of Railway 
Economics, p. 34. 
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passenger stock as quoted in a preceding paragraph, 
multiply it by four, on account of the passenger trains 
being more numerous and rapid than the goods trains ; 
add in the estimated economy for goods rolling stock 
of 22:15 per cent., and divide by five, giving an average 
percentage of 27-86. This, on an estimated standard- 
gauge expenditure of £5,499,103, would show an 
economy of £1,532,050. 

Electric Power and Running Expenses —Here we are 
concerned with economy in gross load, and also with 
the lower wages cost per unit transported. For 
passenger haulage, we take the figure of 23:43 per cent. 
previously given, multiplying it by four, on account of 
greater quantity and higher speed, and add 8-86 per 
cent. for goods traffic. The economy in labour cost 
has been estimated as ranging from 33:3 per cent. to 
46 per cent. for passenger traffic, and 33:3 per cent. 
for goods traffic. It is proposed to take an average of 
39 per cent. for passenger traffic, which is multiplied 
by two on account of its greater volume, and 3373 
per cent. is added for goods traffic. The total is then 
divided by eight, which gives an average percentage 
saving of 26°74 per cent., and shows an economy of 
£2,104,366 on the estimated figure for the standard 
gauge. 

Traffic Expenses—It is thought there will be a 
further small saving in guards’ wages, owing to the 
higher carrying and earning capacity of both passenger 
and goods trains of a given length on the broad gauge, 
and this is estimated at 124 per cent. of guards’ wages, 
or, say, I per cent. of traffic expenses on the standard 
gauge, and amounts to £78,546. 

D 
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The estimated annual savings from the adoption of 
the broad gauge are summarised below : 


Maintenance and renewal of way and works ote 535,913 
Maintenance and renewal of rolling stock ... ereET +5 325050 
Electric power and running expenses aa ones 1O4,300 
Traffic expenses ae x aie ade Res 78,546 

£4.250,875 


The additional capital outlay due to the broad gauge 
is estimated at £23,503,403, on which the estimated 
annual savings show a return of 18-09 per cent. They 
reduce the estimated ratio of working expenses to 
gross receipts from 78-09 per cent. to 66-00 per cent. 

With passenger trains travelling at a maximum 
speed of 120 miles per hour, the current consumption 
must necessarily be heavy, and it becomes of consider- 
able importance to reduce the dead weight hauled to an 
absolute minimum. 

The broad gauge shows the way to real economies 
in working expenditure, and owing to the necessity for 
Customs examination, the break of gauge at London, 
Paris, and Boulogne will cause no additional incon- 
venience to passengers. All points in Kent through 
which the proposed Railway will run have through 
standard-gauge communication to London; similar 
conditions prevail on the French section of the Railway 
with regard to Paris ; consequently there will be little 
or no transfer of traffic from one gauge to the other, 
except at the Customs stations mentioned above, where 
exceptional facilities for handling will be installed. 

On account of the international character of the 
proposed Railway, it is thought that the undoubted 
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advantages of the broad gauge for the economical 
working of heavy high-speed traffic can be secured 
without any drawbacks whatever, and it is strongly 
recommended that the proposed Railway be constructed 
on the broad gauge of 7 feet. 


HIGH-SPEED TRACTION 


In approaching the examination of the haulage 
problems involved in a high-speed broad-gauge railway, 
it must be recognised that a new field of engineering is 
entered upon. While speeds of 105 miles per hour 
have been obtained on normal-gauge railways in 
America with electric locomotives, and 130 miles per 
hour on the Zossen trials by a high-speed car, thus 
conclusively proving the practicability of attaining this 
speed, especially on a 7-foot gauge track constructed 
for the purpose, few data exist as to the values of train 
resistances from 100 to 130 miles per hour, or as to the 
cost of maintenance of rolling stock operating at these 
speeds. Data on the value of train resistance at speeds 
below 80 m.p.h., however, exist in considerable numbers, 
and many divergent formule for the values of train 
resistance at these lower speeds have been put forward ; 
from all the available data and from aeronautical work 
in recent years, it is clear that for a high-speed railway 
the resistance to motion through the air becomes of 
paramount importance. When it is considered that a 
train running at 120 m.p.h. may occasionally have to 
encounter a head wind of as much as 4o m.p.h., and 
that the resultant wind speed relative to the train will 
be 160 m.p.h., it will be realised that the problems 
involved are out of the ordinary ; some idea of the mag- 
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nitude of the wind forces in question may be gathered 
if it is stated that on the basis of the formula P=-003V?, 
the pressure on a passenger’s head protruded from a 
window would be nearly 34 lbs. at this velocity, and the 
locomotive would be called upon to produce nearly 
15 additional H.P. The shape of the front end of the 
train, the smoothness of its contour, the streamlining 
of all projections thus become of the first importance 
in the attempt to reduce to a minimum the energy 
required to propel the train. The estimation of the 
effect of the wind resistance in the 44 miles of single- 
track tunnel in each direction is a more difficult problem 
than that of estimating the resistance in the open, 
though it is not complicated by the factor of the natural 
wind, also the speeds on this section will be less than 
on other portions of the line. The ventilation move- 
ment in these tunnels will be in the same direction as 
that of the trains, thus lessening the air resistance, and 
it may be incidentally mentioned that with electric 
traction, ventilation of tunnels becomes a simple matter, 
owing to the absence of smoke and fumes. 

The other main question of prime importance to be 
considered is that of designing the rolling stock to ensure 
safe and smooth running at such high speeds; given a 
track laid and maintained to the standard of that of one 
of the English main lines, no difficulty should arise if 
the principles recently adopted in connection with high- 
speed electric locomotives are followed out ; the com- 
parative flatness of the proposed route, the broad gauge 
and the absence of curves of appreciable radius should 
all contribute to the solution of this problem. 

Working from these general considerations, the 
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following conditions may be laid down for the con- 
struction of a hypothetical train for which the probable 
energy consumption is to be calculated. 

1. Owing to the absence of curves of short radii, 
there will be no objection to and considerable advantages 
from the point of view of train resistance, maintenance, 
and prime cost in making the coaches as long as possible. 
The coaches will be assumed, therefore, to be 75 feet in 
length, 13 feet wide, and 14 feet high. They might 
advantageously be constructed on the Gresley bogie 
system, in which the ends of two coaches are carried on 
one bogie; this system, which gives very comfortable 
travelling, diminishes the number of bogies offering air 
resistance, and also reduces axle friction, both matters 
of considerable importance at very high speeds. 

2. To diminish flange friction and ensure steady 
riding, the bogies should have as long a wheel base as 
possible, and a flange clearance not exceeding ;% inch. 
The bogies will be assumed to be of the 6-wheel type, 
centred by inclined planes, wheel base 16 feet, weight 
8 tons each. 

3. As it is most economical from the maintenance 
point of view to concentrate the power in as few motors 
as possible on the main-line trains, haulage will be by 
electric locomotives of the 6-D-6 type. A further 
advantage arises from locomotive haulage in that, 
owing to the lighter bogies under the coaches, flange 
friction will be diminished, and easier and pleasanter 
riding for the passengers secured. 

4. The coaches will weigh approximately 50 tons 
each, and the locomotive 150 tons. 

5. The bodies of the coaches and locomotive will be 
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perfectly smooth on the outside, even the windows being 
perfectly flush with the panels ; the coaches and loco- 
motive will be close coupled, the intervening space of 
say 12 inches being completely closed round with heavy 
canvas or rubber, forming an outer vestibule and 
ensuring the whole contour of the train being smooth. 

6. The side panelling of the locomotive and coaches 
will be carried down to rail level, being curved inwards 
to almost touch the wheels ; disc wheels will be used to 
reduce frictional resistance which would arise from air 
disturbances caused by spokes ; access to bogies and 
other gear under the coaches will be obtained by doors 
in the extended panels. 

7. The front of the locomotive will be formed as a 
parabolic wedge, to minimise end resistance. Experi- 
mental work with models of various designs on at least 
one-eighth, and preferably a quarter scale in a wind 
tunnel at air velocities up to 160-170 miles per hour 
to allow for the incidence of head winds will be essential 
to ensure a satisfactory design, and will indicate whether 
the side panelling suggested above, or a system of 
streamlining and shielding individual bogies would be 
preferable. 

8. On these assumptions it is now possible to form 
an estimate of the train resistance ; in considering the 
results obtained, it must be remembered that no com- 
parison can be made at high speeds between the H.P. 
required to move a train of ordinary construction and 
such a train as that described, which would be specially 
designed to reduce train resistance to a minimum. 

g. It is evident from the above general considera- 
tions that the maximum economy in haulage expenditure 
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will be secured by making the trains as long as possible ; 
it will be advantageous to run fewer and longer trains, 
as thereby not only will the charges for train crews’ 
wages and maintenance of locomotives be decreased, 
but also the energy consumption will be diminished 
owing to the reduction in the number of units experienc- 
ing head resistance ; on the other hand, longer trains 
mean longer platforms and larger expenditure on 
stations. The distribution of the trains as units of 
load on the electrical transmission system also has to be 
considered, but within certain limits a moderate fre- 
quency of fairly long trains will give adequate facilities 
to the travelling public, with a minimum of capital 
expenditure and energy consumption. 

10. The trains of maximum weight and length will 
be dining-car trains, and it will be assumed that the 
composition of such trains, which must bear a relation 
to the capacity of the dining-car and the number of 
meals that can be served on the journey, this being three 
series as a maximum, will be as follows :— 

Three first-class corridor coaches each 50 tons, 
100 passengers per coach; 2 third-class corridor 
coaches each 50 tons, 132 passengers per coach ; 
1 dining-car, 55 tons; 1 luggage van, 50 tons; 
1 locomotive, 150 tons. Total, 564 passengers. 
Weight : locomotive and train, 505 tons+30 tons 
of passengers+15 tons of luggage. Total 550 tons. 
Length of train: coaches 525 feet, locomotive 75 
feet +15 feet for spaces forvestibules. Total 615 feet. 

With a service every 45 minutes each way extending 
over about 17 hours per day; allowing for the sub- 
stitution of a third-class coach for the dining-car on 
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one-third of the trains, and 22 trains each way per day 
with accommodation for an average of 608 passengers 
each, a total of 13,376 passenger seats each way per day 
would be provided. Multiplied by 400, to allow for 
additional summer traffic, this would give 10,700,800 
seats for an estimated annual traffic both ways of 
8,333,333 between London and Paris. Twelve similar 
trains would run each way daily between London and 
Boulogne,* providing 5,836,800 seats for an estimated 
annual traffic of 3,833,333 passengers. In addition, 
four trains in each direction would operate daily between 
Ashford and Boulogne. 

Before proceeding further with the investigation as 
to the size of locomotive and motors required, it is 
necessary to consider the timing of the trains, the 
acceleration and retardation which will be considered 
advisable, and the maximum speeds contingent on these 
allowances. 

It is assumed 

1. That the maximum speed through the Channel 
Tunnel itself will not—at any rate at first—exceed 
60 miles per hour. 

2. That the speed in the approach tunnels will not 
exceed go miles per hour. 

3. That speed is reduced to 40 m.p.h. for two sections 
each of 1 mile in length for permanent way repairs. 

4. That the following acceleration and deceleration 
rates, mean values, are used :— 

(a) leaving terminal 0-39 mile per hour per sec. ; 

(6) deceleration from 120 to go m.p.h. approaching 

entrance Tunnel, 0-2 mile per hour per sec. ; 


* For Northern and Central Europe. 
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(c) deceleration from go to 60 m.p.h. for Channel 
Tunnel, 0-2 mile per hour per sec. 
(d) acceleration up exit Tunnel from 60 to go m.p.h. 
at o:2 mile per hour per sec. ; 
(e) acceleration from go to 120 m.p.h. at o'2 mile 
per hour per sec. ; 
(f) deceleration for terminal stop at o-5 mile per 
hour per sec. : 
(g) deceleration from 120 m.p.h. to 40 m.p.h. at 
0-3 mile per hour per sec. ; 
(h) acceleration from 40 m.p.h. to 120 m.p.h. at 
o:3 mile per hour per sec. 
The result given by these assumptions is then as 
follows :— 


LONDON TO Paris. 
Miles. Minutes. 


Acceleration period leaving London terminus 5°13 5°13 
Deceleration approaching entrance tunnel... 4°39 2°50 
3 miles of entrance tunnel at90m.p.h. ... 3°00 2°00 
Deceleration to 60 miles per hour for 

Channel Tunnel ... % ee aus) FB 6°25 
Channel Tunnel at 60 m.p bh eo ZACO 24°00 
Acceleration to 90 m.p.h. exit maneer mou. VAS 6°25 
90 miles per hour, balance of exit tunnel ... I-00 0°67 
Acceleration from 90 to 120 m.p.h.. doo ESO 2°50 
Deceleration from 120 m P. h. to Le m.p.h. 

for permanent way repairs X2 ... sei 2°00 9:00 
1 mile at 40 m.p.h. x2 Rr 2°00 3°00 
Acceleration from 40 m.p.h. to 120 m.p is 

PP od ae eee CEs 2.00 9°00 
Deceleration for Pace Aa sat aoe A OO 4°00 


87°53 74°30 
Remainder of journey at 120 m.p.h. OSTA 7 82°74. 


25300 = 15'7°04 
7°96 


Reserve for contingencies 


(2 hours 45 minutes) 165:00 
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LONDON TO BOULOGNE. 
Miles. Minutes. 


Acceleration period leaving London terminus 5°13 5°13 
Deceleration from 120 m.p.h. to 40 m.p.h. 

for permanent way repairs ay non Kisxore) 4°50 
1 mile at 40 m.p.h. ... sas oe COO 1°50 
Acceleration from 40 m.p.h. to 120 m. ae ns 6-00 4°50 
Deceleration approaching entrance tunnel 4°39 2°50 
3 miles of entrance tunnel at 90 m.p.h. ... 3-00 2°00 
Deceleration to 60 m.p.h. for Channel tunnel 7-81 6°25 
Channel tunnel at 60 m.p.h. 2-2 24°00 24°00 
Acceleration to 90 m.p.h. exit sete soo shee 6°25 
90 m.p.h. balance of exit tunnel... ene eel OO 0°67 
Acceleration from 90 to 120 m.p.h.... so LRKS) 2°50 
Deceleration for Boulogne stop eS eemeeA-OO 4°00 


74°53 63°80 


Remainder of Journey at 120 m.p.h. ae BEG) 18°74. 
112'00 82°54 
Reserve for contingencies... ake Ae 2°46 
112-00 85°00 


Note.—The distance from the French end of the Channel Tunnel 
proper to Boulogne is 30,800 m . or 19°138 miles. 


The rates of acceleration and deceleration chosen, 
represent very moderate forces of the order of a 
maximum of 51 lb. per ton, corresponding to 0-5 m.p.h. 
per sec. It must be remembered that in suburban 
electric-train working, acceleration is usually at a rate 
of 1:0 m.p.h. per sec., and the retardation somewhat 
higher. In actual practice, the distance in yards in 
which a train running at V m.p.h. can be stopped with 
braking equal to about 80 per cent. of the weight of 


v2 
the train is given approximately by the formula wea 


train running at 120 m.p.h. will therefore require 
1,440 yards in which to stop, with a retardation of 
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about 2:44 m.p.h. persec. It will therefore be seen that 
the accelerations and decelerations used in the calcula- 
tions leave a considerable margin for making up time. 

The power required for the locomotive and the 
design of the locomotive now demand consideration. 

Bearing in mind that the resistance offered by the 
air increases as the square of the speed, it is evident 
that for very high speeds the accurate determination of 
the value of this component is of supreme importance ; 
fortunately a certain amount of data exist in regard to 
air pressure on surfaces, and in regard to the frictional 
resistance of smooth flat surfaces to currents of air 
passing over them. 

It must be remembered that all extant experiments 
on train resistance have been made on trains of normal 
construction with many projections from the surface 
of the train, intervals between the coaches, and approxi- 
mately flat surfaces front and rear; in the case of the 
proposed high-speed train, however, the front and rear 
will be constructed in such a form, approximating to a 
parabolic wedge, as to reduce the head and tail resistance 
to a minimum; while the surface of the train will be 
made absolutely smooth and devoid of projections, and 
the intervals between the coaches will be filled in such 
a manner as to ensure an almost continuously smooth 
surface throughout the length of the train. 

In Volume 171 of the Proceedings of the Institution 
of Civil Engineers, Professor Carus-Wilson published 
a method of predetermining train resistance which, 
when applied to trains of ordinary construction, gives 
results which are fairly accurate in practice. It is very 
conveniently possible to vary the constants used by 
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Carus-Wilson to make the method applicable to a train 
of special construction. 

The theoretical air pressure P, in lb. per sq. foot, 
on a flat surface of W sq. ft. at V m.p.h. is expressed 
by the formula 

P, =:00254V2W. 
Tests made at St. Louis in 1904 showed that the resist- 
ance of a parabolic wedge was only 28 per cent. of that 
of a flat surface, so that for this condition 

P, =-000712V2W. 
In actual practice, P, will have a considerably higher 
value than this, owing to necessary excrescences un- 
avoidable in constructing a parabolic wedge-shaped end, 
such as buffers, rivet heads, and the gap between the 
bottom of the shield and rail level ; it therefore appears 
desirable to take the value of P, for this component as 

P, =:o01 V2W. 

As regards frictional resistance on the surface of the 
train, Professor Goss,* experimenting with small models 
in a wind tunnel, obtained results which were only half 
those obtained by tests made by the St. Louis Electric 
Railway Test Commission in 1904; Goss’ results, 
however, were substantially confirmed by experiments 
made by Batcheller in pneumatic despatch tubes in 
New York. Carus-Wilson,t after examining all the 
data, considered that for an ordinary train the frictional 
air resistance on sides and top, where P, is lb. resistance 
per 1,000 sq. ft. of exposed superficial area and V is 
speed in m.p.h., would be expressed by the formula 

P, ='0226V?. 


* Proc. Inst. G.E., vol. 171, p. 318. f, dbid:5 BD. 2335 etc. 
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Goss and Batcheller’s results on smooth models indicate 
that for these conditions a coefficient of only about half 
the above value should be used; as in the proposed 
high-speed train it will be impossible to obtain a 
perfectly smooth surface, it seems desirable to choose a 
slightly higher value of the coefficient than half the 
above ; the formula that will be used is therefore 
Pp =:0125.V25 

For the air resistance of the bogies and frictional 
resistances on the undersides of the coaches, Carus- 
Wilson expresses the air resistance per bogie by the 
formula 

P; =-0066V?2 per bogie. 

The bogies will be considerably wider on the 7-foot 
gauge than on the 4 foot 84-inch gauge, while on the 
other hand they will be shielded to a great extent by a 
prolongation downwards of the coach sides, or alterna- 
tively will themselves have streamline shields; it 
therefore seems reasonable to express this component 
as above. 

The miscellaneous resistances due to flange action, 
journal friction, and other unclassified resistances will 
be termed P,, and may be taken as of the order of 6 lb. 
per ton. 

The proposed train will be of the following weight 
and dimensions :— 


Total weight, including passengers and luggage 550 tons, 
Total length re ee ah 615 feet. 
Height to top of coach from i ee aa PPS ans 
Width of coaches Sc ade ee Seale 13.4 
Cross-sectional area “se aes ee a 182 sq. ft. 
Superficial area, roof and sides st ss6 25,220 $q. ft. 
No of bogies, including 2 bogies on locomotive 12 


(2 sets each of 3 vehicles mounted on 4 bogies ; 
1 locomotive, 2 bogies ; 1 dining-car, 2 bogies). 


HIGH-SPEED TRACTION 47 
It then follows that : 


The total head and tail resistance in lb. =o-001V2 x 182 P; 
= surface re 99 = 0°0125V2X25'22 Py 
ce bogie zn »  =0:0066V2 x 12 Ps 
a miscellaneous * n= 550.0 Py 


The following table shows the relative values of 
these resistances, and the H.P. required at the tread of 
the wheels of the locomotive at speeds from 60 to 160 
m.p.h. 


HP. at 
P,+P Total | Lb. per 2 
M-p-b.le bbs i eadbeale Pe lb- Pe P,lb.| p Ib. toa ee 


60 | 655 | 1,133 | 285 | 2,073 | 3,300] 5,373 | 9°77 | 860 
80 | 1,165 | 2,018 507 | 3,690 | 3,300 | 6,990 | 12:71 | 1,491 
100 | 1,820 | 3,153 | 792 | 5,765 | 3,300 | 9,065 | 16-48 | 2,417 
120 | 2,621 | 4,540 | 1,140 8,301 | 3,300 | 11,601 | 21°09 | 3,712 
140 | 3,567 | 6,179 | 1,552 | 11,298 | 3,300 | 14,598 | 26°54 | 5,450 
160 | 4,659 | 8,070 | 2,028 | 14,757 | 3,300 | 18,057 | 32°83 | 7,704 


It is important not to underestimate the train 
resistance, as any error in this direction would result 
in the provision of locomotives which would not attain 
the maximum speeds required, or which would lose 
time in bad weather. 

From the above figures, it will be seen that the 
horse-power required at the tread of the wheel at 
120 m.p.h. on the level in still air 1s 3,712 H.P. There 
are, however, other conditions to be met, which will 
demand a much larger horse-power; the limiting 
condition may be assumed as arising when the train is 
running at 120 m.p.h. up the-worst gradient outside 
the Channel Tunnel, viz. 1 in 705, and is encountering 
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a head wind of 40 m.p.h.; the resistance due to the 
gradient is 3°177 lb. per ton, the resistance due to the 
train is 32°83 lb. per ton, the total resistance 36-007 lb. 
per ton, the train velocity is 10,560 feet per minute ; 
the horse-power required at the wheel tread will be 
6,337. 

The total effort at the tread of the locomotive wheels 
will be 19,804 lb., while the pull on the draw-bar 
between the locomotive and the coaches may be roughly 
estimated as 0-6 of the total effort, say 12,000 lb.; the 
maximum draw-bar pull will, however, occur during 
the acceleration period, but will not normally exceed 
25,000 lb. 

It must be noted that the maximum horse-power 
of 6,337 would not often be required, nor would it be 
required for any longer period than that required to 
surmount the gradient. 

With ordinary trains at ordinary speeds, a strong 
side wind exercises a much greater retarding effect 
than a head wind of similar strength ; this is due to the 
fact that in such cases the flange resistance component 
forms a much greater proportion of the total train 
resistance than in the case of trains running at very 
high speeds, as may be observed by an examination 
of the figures in the table. It has, therefore, not been 
considered necessary to consider this condition in this 
broad general survey of the scheme. 

In general, however, it will obviously be advisable 
in the interests of punctual running to provide tractors 
which when required will be able to exert at least 
7,000 H.P. at 120 m.p.h. for a short period. 

The locomotive to be used with such a train should 
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therefore be of 6,000 H.P. rated capacity on the one- 
hourly rating, for it must be noted that the longest 
spell of running by the train at its maximum speed in 
the open country will not exceed 80 minutes. 

The best type of locomotive to use would be 
either the gearless type recently designed by the 
G.E. Co. of Schenectady, in which case six 1,000 H.P. 
motors would be used, or the Brown Boveri geared 
type with the motors set rigidly in the frames above the 
driving axles, driving gear-wheel outside the driving 
wheel to which the gear-wheel is connected by linkage ; 
in this case the equipment would consist of four 1,500 
H.P. motors. 

Though no electric locomotives of this size have as 
yet been constructed, it is not to be anticipated that any 
serious difficulty would arise in their design, as the 
7-foot gauge will permit the use of motors at least twice 
as powerful as the 4-foot 84-inch gauge will allow. 

A point worth considering is the adhesion required 
to meet the torque; assuming that the accelerating 
force were exceptionally as high as 36,000 Ib., this 
force distributed over four axles would be 9,000 Ib., 
or about 4 tons per axle, which would demand an 
adhesive weight of about 20 tons per driving axle to 
avoid slipping on a wet rail; this about corresponds 
with modern practice in England on the 4-foot 84-inch 
gauge. 

The locomotive when exerting a tractive effort of 
(4x4 tons) 16 tons would accelerate a 550-ton train at 
0:936 foot per sec. per sec. or 0°638 m.p.h. per sec., thus 
attaining a speed of 60 m.p.h.in 94 secs. The assumed 
accelerations on p. 42 are therefore well within the mark. 

E 
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The question also arises as to whether a motor of 
1,500 H.P. can be designed to fit into a locomotive of 
the Brown Boveri design with an external gear-wheel ; 
with a 5-foot ro-inch wheel a gear ratio of 1-5-1 should 
be practicable ; at 10,560 feet per minute (120 miles 
per hour) the revolutions of the wheel would be 576 per 
minute, and of the motor 864 r.p.m. The pitch-line 
velocity of the gears would be 8,428 feet per minute, 
which is high, but attainable with forced lubrication, 
which could be provided. 

The design of locomotive recommended is a double 
bogie machine with four driving axles, each driving 
wheel being driven by a motor set in the locomotive 
frames by means of an outside gear-wheel connected 
by a simple linkage with the driving wheel. This 
arrangement gives (1) a maximum of accessibility to 
motors, driving axles, and gear-wheels ; (2) a high centre 
of gravity; (3) is equally applicable to direct-current 
single-phase or three-phase motors; (4) has been 
thoroughly tested on the Swiss Federal Railways. 

The bogies should be of the inclined plane and not 
the swing link type. 

Owing to the absence of curves of sharp radius, a 
long wheel base can be adopted for both driving axles 
and bogies. 

It should be noted that the adoption of the electric 
locomotive for haulage on the proposed high-speed 
railway will bring about a diminution in the cost of 
both permanent way and particularly of bridges, com- 
pared with similar costs for steam haulage. This 
condition arises from the perfect balance of the loco- 
motive and the low weight per locomotive axle obtainable 
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relatively to the power. With four driving axles on 
the locomotive, the weight per axle need not exceed 
20 tons, while the weight per coach axle need not exceed 
16 tons. These comparatively low weights per axle 
and per foot run will result in much diminished wear 
of the rail table, while recent research indicates that 
with the hammer blow of the steam locomotive elimin- 
ated, much higher stresses can be allowed in the bridges, 
and that the maintenance costs of the permanent way 
will be reduced. 

Electrical System.—In view of the great effect on the 
resistance of projections from the smooth outline of the 
train, the use of bows such as were used in the Zossen 
test is objectionable; the three-phase system also 
involves the use of two overhead wires which is un- 
desirable, in spite of the fact that the proposed railway 
is practically devoid of junctions. 

The alternatives presented are the single-phase 
system at 11,000 volts with overhead collection; a 
much more compact arrangement less liable to damage, 
and more easily streamlined is offered by the use of 
the direct-current system with an under-contact third 
rail at 2,000 volts. 

As the failure of a single overhead wire may bring 
the entire service to a standstill, it is imperative that 
the overhead equipment of a railway carrying a heavy 
high-speed traffic be constructed in a particularly solid 
fashion. This would almost inevitably involve the use 
of cross girders, which seriously interfere with the 
sighting of the signals by the men in charge of the train. 
With trains travelling at speeds of two miles a minute, 
early and unmistakable reading of signals is essential, 
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and it is difficult to see how this can be given with an 
overhead system of adequate strength. 

The under-contact third-rail system has therefore 
been chosen. 

Tests under severe conditions of the most improved 
methods of insulating such a rail indicate that it would 
offer no danger to the permanent way and other staff, 
even at 2,000 volts. At places where packing of 
sleepers is in progress, a light protective covering makes 
it impossible for a plate-layer to make any contact with 
the underside of the rail, and this covering can be left 
in position while trains pass, or at small cost can be 
applied to the whole length. 

With two third rails, one at 2,000 volts above earth, 
and the other 2,000 volts below earth, 4,000 volts can 
be used on the locomotive, with two 2,000-volt motors 
permanently coupled in series. 

At 6,000 H.P. in-put, the current per train would be 
1,125 amperes; there is no difficulty in collecting this 
current with a pair of shoes. 

This arrangement would permit of the current being 
supplied from sub-stations spaced at a maximum 
distance of 30 miles apart. 

Current would best be purchased both in France and 
England from such stations as Gennevilliers in the one 
case and from the new station at Barking in the other. 
In each case it would be stepped up to 66,000 volts or 
100,000 volts for transmission to the sub-stations. 
Current should be purchasable at the sub-stations for 
the load factor that would prevail, which should be 
over 50 per cent., at less than 4d. per unit. 
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Passenger Traffic—Greater London has about 
8,000,000 inhabitants, and Paris about 3,000,000; and 
the proposed Railway will thus serve a population of 
no less than 11,000,000 at terminal points. 

Great Britain and Ireland are inhabited by about 
47,500,000 people; France and Belgium have almost 
exactly the same number of inhabitants; and the 
population of the remainder of Western Europe, com- 
prising Holland, Germany, Switzerland, Italy, Spain, 
and Portugal, is about 145,000,000, giving a total of 
about 240,000,000. 

The following table from the Board of Trade 
Journal gives the number of passengers travelling 
between England and the Continent via the Channel 
Ports, London, and Harwich for the years named :— 


Year. No. of Passengers.* 
1913 2,119,472 
1920 1,329,579 
1g21 1,571,415 
1922 Veh 071 
1923 1,984,126 
1924 2,164,732 
1925 2,326,296 
1926+ 2,366,784 
1927 | 2,486,355 


* Counting both ways. 
+ Year of the great Coal Strike. 


53 
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The traffic has now passed the pre-war level, and 
shows a continuous improvement. Under the most 
favourable conditions, it is not thought that the pro- 
posed Railway could be opened before 1938, allowing 
four years for preliminary investigations, international 
agreements, and Parliamentary discussion, and six years 
for actual construction. It is therefore reasonable to 
assume that by the time the proposed Railway is com- 
pleted, the existing Continental traffic will have reached 
a total of two and a half millions annually, of which 
perhaps 10 per cent. will be Americans, who travel to and 
from the Continent via London. 

It is thought that the convenience of the Channel 
Tunnel would alone double the traffic existing when the 
proposed Railway is opened, while the acceleration 
between London and Boulogne and between London 
and Paris, which has not been paralleled since the 
introduction of railways, would produce a further 
increment of traffic sufficient to maintain without 
diminution the number of passenger transit-hours which 
would otherwise have been occupied between the points 
named. ‘This is merely another way of saying that 
we should expect the number of passengers to be 
doubled if the present transit time is halved, or to 
be multiplied by whatever ratio the old transit time 
bears to the new. 

At the present time (January, 1928) there are two 
services each way between London and Boulogne, and 
the average time occupied is 215 minutes. 

By the proposed Railway the distance between 
London and Boulogne will be only 112 miles, the run 
being made in 85 minutes. 
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The average time now occupied by the five day 
services each way by the short sea routes between 
London and Paris is 7 hours 6 minutes. The services 
by all other routes take longer. 

As previously stated, the electric trains on the pro- 
posed Railway will without difficulty accomplish the 
journey between London and Paris in 2 hours 45 
minutes. 

The present London-Boulogne services take 2:57 
times, and the London-Paris services quoted above, 
2°58 times as long as will be occupied by the proposed 
Railway between the points named; and the assumed 
existing Continental traffic of 2,500,000 * has been 
multiplied first by 2, for the Channel Tunnel, and then 
by 24, for the acceleration of journey, thus giving an 
estimated annual total of passengers between London 
and the Continent of 12,500,000.* 

One factor which will certainly lead to increased 
traffic between London and Paris is that the shortened 
transit time will permit passengers to make the outward 
and return journey in one day, and to spend several 
hours in the foreign capital. For example, passengers 
leaving London at 8 o’clock in the morning will reach 
Paris by 10.45, and if they leave again by a train at 
7 o’clock in the evening they would be in London 
by 9.45 p.m., after having spent over eight hours in 
Paris. 

The writer is not aware of any published statistical 
evidence by which these estimates of increased traffic 
due to acceleration of journey can be supported, but it 
is generally understood that the Anglo-Scottish traffic 


* Counting both ways. 
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showed considerable expansion following the reduction 
of transit times inaugurated by the Railway Race to 
Edinburgh in 1888, and the Race to Aberdeen in 1895, 
and there can be no doubt at all that even prior to the 
War, the traffic between England and Scotland was 
considerably larger than the traffic between England and 
Ireland. Yet the difference between the populations 
of Scotland and Ireland is less than half a million, and 
Dublin is nearer London than either Edinburgh or 
Glasgow, but the Scottish cities have the advantage of 
uninterrupted land communication with England. 

In April, 1872, the Midland and the other principal 
Northern Railways admitted third-class passengers to 
all their express trains, most of which had previously 
carried only first- and second-class passengers. This 
may be variously regarded as a reduction in the fares 
charged by express trains, or as an acceleration for 
third-class passengers, and the result of this policy was 
not merely to maintain the gross passenger receipts 
without diminution at their former level, but produced 
a positive increase of £1,664,975, or 8 per cent. over the 
corresponding figure for the previous year. Traffic 
unquestionably responds to increased facilities, and it 
is submitted that the estimate of an increased total of 
passengers commensurate with the reduction of journey 
time is not an unreasonable one, and is sustained by 
analogous statistical data. 

Of the 12,500,000 * passengers estimated to travel 
annually between London and the Continent, it is 
thought that two-thirds will travel to Paris or beyond, 
while the remaining third will leave the line at Boulogne, 


* Counting both ways. 
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for destinations in Northern France, Belgium, Holland, 
Cologne, and Northern Europe. Ninety-two per cent. 
of the traffic between England and Boulogne is ex- 
pected to travel to and from London ; the remaining 
8 per cent. by a service which is intended to run 
between Ashford and Boulogne four times daily in 
each direction. 
The following tables show the services and fares 
by the short sea routes between London and Paris and 
London and Boulogne on the 1st October, 1928. 


1. SERVICES. 


LoNDON TO Paris, OCTOBER, 1928. 


Classes. Panties: P.b. EXCrel 5 Zettel are r3 ollie -eark tae 
Victoria, dep. 9:00 10°45 TI‘00 14:00 16-00 
Route ... | Folke- Dover— | Dover— Folke- Dover— 

stone— | Calais Calais stone— Calais 
Boulogne Boulogne 

Paris-Nord, 

arr. asi 16°05 17°40 18-10 20°55 23°05 
3rd Class 

passengers 

arr, es 17°35 —_ _ 22°34 — 
Time occu- | 

pied :— 

Pullman | _ 6h. 55m. — —_— —_ 
P.-1-2 class} 7h. 5m. _ 7h. 10m.| 6h. 55m,/ 7h. 5m. 
3rd class 8h. 35 m. — —_ 8h. 34m. —_ 


P.a. Pullman Cars, London to Folkestone, and Boulogne to Paris. 
P.b. Pullman Car train, London to Dover, and Calais to Paris. 
P.c. Pullman Cars, London to Dover. 

P.d. Pullman Cars, London to Folkestone. 

P.e. Pullman Cars, London to Dover. 
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Paris TO LONDON. 
Classes. ESA Mego ey | (Eee Fe oh, P.h. Pas rs sat beKateee oe 
Paris-Nord, 
dep. 8°25 10°00 12°00 12°05 16:00 
3rd Class 
passengers 
dep. 6°35 — —_— — 15°00 
Route Boulogne | Calais— | Calais— | Calais— | Boulogne 
—Folke- Dover Dover Dover —Folke- 
stone > stone 
Victoria, arr. 15°30 17°15 19°15 19°30 22°50 
Time occu- 
pied :— 
Pullman — — Gave Salina — == 
P.-1-2 class| 7 h. 5 m.| 7h. 15 m. —_ 7h. 25 m.| 6h. 50m. 
3rd class 8h. 55m. —_— — — 7h. 50m. 


P.f. Pullman Cars, Folkestone to London. 
P.g. Pullman Cars, Dover to London. 
P.h. Pullman Car train, Paris to Calais and Dover to London. 
P.i. Pullman Cars, Dover to London. 
P.k. Pullman Cars, Paris to Boulogne and Folkestone to London. 


Average time both ways, Pullman 1-2 class, 7 hours 6 minutes. 


LONDON TO BOULOGNE. 


Classes. 


es ee 


Victoria, dep. 
Route 
Boulogne, arr. 


9:00 
Folkestone 
12°25 


Pil. 15/2, 3: 


14°00 
Folkestone 
17°20 


Time occupied ... 


3 hrs. 25 min. 


P.1. Pullman cars, London to Folkestone. 


| 3 hrs. 20 min. 
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BOULOGNE To LONDON. 


Classes. Pan.1, 2,3. Pim 2 535 
Boulogne, dep. ate 11°35 19°IO 
Route ... es ae Folkestone Folkestone 
Victoria, arr. ... noe 15°30 22°50 
Time occupied ie 3 hrs. 55 min. 3 hrs. 40 min. 


P.m. Pullman cars, Folkestone to London. 
Average time both ways, Pullman, 1, 2, 3 class, 3 hrs. 35 mins. 


2. FARES. 


1. LONDON AND Paris, via Dover-Catals. 


Return, | Mean (average 

= Single. available | Half return. | of single and 

I month. half-return). 
Golden Arrow | £4 10 4 | £8 8 6 | £4 4 3 TIRE Pg 
Pullman ... Ase lL TATOOS 3 19 I0 93. 1S 
1st class... aire Bt 6 10 0 heen 18) Bone O 
2nd ,, co! we) Auraurs: Fa Sof 2-8 6 
BI0,, er Tears 2 are ue OY Tei2zaro Tet4e 70 

| 


2. LONDON AND Paris, via FOLKESTONE-BOULOGNE. 


Return, Mean (average 

—_— Single. available Half return. | of single and 

i month. half-return). 
Pullman... | £3 19 6 Lome I ae TAO Laut tO 
rst class! -_<.. 26.70 (Oy he Zee Bin 0 ay Gh 
2nd- ;; Be 2 6:6 A, Ge Die QraiG Zien eerl 
Ati as, “4 ip12) 10 aie terry Tonle Teel 
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3. LONDON AND BoULoGng, via FOLKESTONE. 


Return, | Mean (average 
—_ Single. available Half return. | of single and 
2 months. half-return). 
| 
Pullman ...| 42 9 7 | 4419 2 | 42 9 7 | £2 9 7 
Fst class | .4)/ 27.63 Ant eo 2216.1 oie S42 ee Gees 
and ,, i 2g © 2 © © ie GY) i Wee © 
3rd _,, 3 IL py gj KS: Teese {3 41 


Assuming passengers travel in the same proportion 
of class and route as the facilities provided, half using 
single and half half-return tickets, the average fare 
between London and Paris for the single journey is 
£3 1s. 5d. ‘The basis, however, that has been taken in 
the following calculations is £2, which is believed to be 
considerably below the true average. | 

Between London and Boulogne, calculated as above, 
the average existing fare appears to be £1 18s. 2d., but 
a basis of {1 has been adopted in the following 
estimates. 

The existing single fares from Ashford to Boulogne 
are 215s. 8d. first-class, and 16s. 6d. third-class on rail and 
second-class on boat, average 19s. 1d.; but the following 
estimates have been calculated on an average base of 
IOS. per passenger. 

Parcels, etc—The supplementary receipts from 
passenger train traffic, parcels, mails, etc., are estimated 
at {£1,000,000, or 4:8 per cent. of the receipts from 
passengers. In Great Britain (1927) the proportion 
was 24 per cent.; in France (1926) 53 per cent. 

Goods Traffic—In both the United Kingdom and 
France, the receipts from goods traffic are higher than 
the receipts from passenger traffic, the proportion in 
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the former case being 1-22 to 1 (1927), and in the latter 
country 1:73 to 1 (1926). The estimate for the 
proposed Railway is that they will equal 45 per cent. 
of the receipts from passenger traffic. By quoting 
statistics of the tonnage of goods passing from England 
to the Continent and vice versa, it would be easy on 
paper to show a very large revenue from this source, 
but it is felt that the course adopted is the right one, 
and will not justify any charge of undue optimism. 
Wisely graded schedules of rates allowing for the 
incidence of sea competition, should, however, bring in 
a large traffic, which would in general be willing to pay 
slightly more than the sea rate for the advantages of 
uninterrupted land transit, and would be at the same 
time remunerative to the Railway Company, being high 
density traffic carried on the main line under excep- 
tionally favourable conditions of transportation. 

The following classes of goods, being valuable in 
proportion to their weight, would probably be conveyed, 
by the Railway : Eggs, butter, fish, fruit, flowers, hops, 
fresh meat, new potatoes, poultry, vegetables, works of 
art, bullion, books, china, clocks, articles of dress, lace, 
glass, manufactured leather, boots and shoes, musical 
instruments, pictures, manufactured silk, and a pro- 
portion of spirits, refined sugar, and other French 
productions ; also some proportion of the manufactured 
linen, cotton, and woollen goods, the lighter or special 
articles of machinery, steel goods, and a share of the 
Colonial articles imported into London.* With regard 

* With two exceptions, the above list of articles was given by the 
late Sir Henry Oakley, General Manager of the Great Northern Railway, 


in his evidence before the Parliamentary Committee as goods likely to 
be conveyed through the proposed Channel Tunnel. 
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to many of the commodities enumerated, speed, both 
in transit and delivery, is an important consideration. 
English Local Traffic.—It is estimated that the traffic — 
in England, other than the Continental traffic, will 
produce a total of £1,500,000 per annum, which is less 
than £26,000 per mile, excluding the Channel Tunnel 
approach section. ‘The passenger traffic is estimated at 
£1,100,000 annually, and the goods traffic at £400,000, 
the latter being 36:4 per cent. of the former. The 
Railway will not have the usual network of suburban 
lines in the neighbourhood of the Metropolis, and will 
only have ten stations within a radius of 174 miles from 
London. It will, therefore, be necessary to offer special 
facilities to stations both inside and outside the usual 
suburban area. Dealing first of all with the former, it 
is proposed to run every 20 minutes, non-stop trains 
from Farningham (174 miles) to London and a 
similar service from intermediate stations, from about 
8.0 a.m. to about 10.0 a.m. ‘These trains would all 
load at a bay at the south-west side of their respective 
stations, and would start at the same time, or within a 
minute or two of each other. The speeds would be 
moderate, averaging from about 50 miles an hour in 
the case of the longest runs, to about 34 for the 
shortest, from Peckham to London. The trains would 
all travel on the same line, and would be timed to 
atrive at two-minute intervals. ‘They would be accom- 
modated at the terminus in four bays, and in the case of 
three of them, down-trains would be timed to leave the 
bay next adjoining on the down side at the same time as 
an up-train was due to arrive. Thus any slight delay 
on the part of incoming traffic would not impede the 
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down traffic, neither would it be necessary to retard 
still further a somewhat late up-train to allow a down- 
train to cross its running lines. In the case of the 
remaining bay, on the extreme down side of the section, 
the up-train would be timed to arrive at the buffer stops 
at the same time as the down-train was due to start 
from the last bay on the up side. 

Each suburban train would remain in the terminus 
for six minutes, and would then return non-stop to one 
of the stations in the suburban district. Each would be 
required to clear the crossings giving terminal access 
to the up-lines, say 300 to 350 yards from the buffer 
stops, in 45 seconds, as is regularly accomplished at 
Waterloo ; 15 seconds would be allowed for manipu- 
lating points and signals with the most modern 
appliances, and 60 seconds for the incoming up-train 
to run from the last controlling signal, say 440 yards, 
to the terminus. An interval of only 2 minutes would 
be allowed between the departure of one train and the 
arrival of another at the same platform. This is close 
fitting, but it is thought that if the terminus and its 
approaches were laid out with this end in view no 
difficulty would be experienced in working. It would 
be of considerable importance that motormen should not 
be brought to a standstill at the last home signal through 
too earlyarrival,and it is proposed to erect a post showing 
the point at which in normal working the down-train 
vacating the bay which they are about to enter should 
be passed. This will in no wise relieve motormen 
of responsibility for stopping at the home signal if at 
danger, but, by giving timely warning, it would 
permit such reduction of speed to be made as would 
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enable the last signal to be passed at the appropriate 
moment. 

To overcome fog difficulties, it is intended to borrow 
a simple device from the illuminated advertisements, 
and to lay down between the rails a chain of electric 
bulbs, red, green, and white, successively for 100 yards 
in advance of the signals. When the signal was at 
danger, all the red lamps would be illuminated, forming 
a red chain, and conversely, with the signal at safety, 
a green chain would be exhibited. A signal trans- 
ferring a train from one line to another would show a 
white chain. Home signals would be shown on one 
side of the track; distant signals on the other. The 
lamps could be protected from accident by a metal 
case on each side rising slightly above the face level. 
Contrary to the drivers of steam locomotives, electric 
train men have a nearly vertical angle of vision, and 
should have no difficulty in seeing the signals at high 
speeds and in the worst possible conditions ; as no steam 
locomotives would be employed, the bulbs would not be 
liable to destruction by falling cinders. 

On leaving the terminus, the down suburban line 
will be situated between its own up-line and the up-line 
of the outer suburban section, and will pass under the 
other lines lying on the near side by rather steep 
gradients, but easy curves, and will rise on the extreme 
left. Itis thought that there are considerable advantages 
in placing the slow lines away from the centre of the 
track, as the frequent and reverse curves rendered 
necessary by platforms between the running tracks are 
by this means avoided. At each station a flying or 
burrowing junction will be provided, to enable down 
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local trains to reach the departure bay without fouling 
any of the up-lines. This will be essential if a two- 
minutes’ service of up-trains is to be maintained. 
Special provision similar to that provided at termini 
for handling large numbers of passengers in a short 
time will be necessary at all stations within the suburban 
area, and it is proposed to introduce a system of spread- 
over labour for some portion of the staff, by giving them 
two spells of three hours each, morning and evening, 
to cover the rush hours. 

The plan of non-stop services will double the 
carrying capacity of the line, as the time occupied in 
passing through each block section is much less for a 
non-stop than for a train stopping at a station. It will 
also save 38 per cent. of the mileage over the usual 
system of sending all the trains to the suburban limit, 
as the average round trip will be only 213 miles, as 
against a full double trip of 35 miles. It will enable 
a larger mileage to be run during the limited rush 
hours by both staff and rolling stock, thus reducing the 
cost of both per train mile, which is the unit of earning 
capacity. 

During the last few years a large proportion of the 
increase of the London suburban traffic has been 
captured by omnibuses and trams. Their fares roughly 
correspond to the season ticket rates on suburban rail- 
ways, but it is thought that in many cases they provide 
quicker transport from home to office than is given by 
the railways. Passing as they do, along the principal 
thoroughfares, the journey on foot from home to public 
vehicle is generally shorter to omnibus and tram 
routes than to the railway station, and the road vehicles 

F 
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usually deposit their passengers nearer their offices 
than do the suburban railways. If railways can reduce 
the running time between suburban station and ter- 
minus, more time can be allowed for the passenger to 
reach the suburban station and to walk from the ter- 
minus to his office, without exceeding the time for the 
total home-to-office journey required by competing 
services. This would enable passengers to be drawn 
from a wider area, and if, for example, the effective 
radius of a suburban station was doubled, the area 
served would be increased fourfold. 

No arrangements are contemplated for the con- 
veyance of wayside passengers during the rush hours. 
The Great Eastern statistics have confirmed, what is 
indeed a matter of common observation, that the great 
majority of suburban travellers journey from the 
suburban station to the terminus, and the number 
travelling between any pair of suburban stations is 
so small as to be almost negligible. So small is it 
that if they alone were to be provided for there 
would certainly be no railway, and there can therefore 
be no hardship if they are left to the road-carrying 
agencies. 

It is felt that the proposed suburban services will be 
popular with the public, and that they will be cheaply 
worked, and remunerative to the Railway Company. 
They have been described here in some detail, as they 
involve certain works which will be comparatively 
inexpensive if carried out when the railway is built, 
but would cost considerably more if added at a later 
date. If construction and operating policy walk hand- 
in-hand, the success of the proposed Railway will be 
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assured. A suggested time-table will be found in the 
Appendix. 

With regard to English stations outside the London 
suburban area, including Maidstone and Ashford, it is 
proposed to give them as rapid a service as possible 
morning and evening by reducing the number of stations 
served by each train to approximately three. This may 
involve rather poor loading for a time, but it is thought 
that it will be the quickest and most effective way of 
building up the long-distance residential business. 

The construction and operation of the proposed 
Railway on the lines indicated above will in many parts 
of rural Kent convert agricultural land into building 
land, with a proportionate increase in values. The 
profit thus accruing will, however, pass entirely into 
other hands, although solely attributable to the advent 
of the Railway and the policy of the management. 
Moreover, the Railway will have to pay a rating assess- 
ment based not on the agricultural value of the land as 
it found it, but on the value of the highway it has itself 
created, which again seems hardly in accordance with 
the principles of abstract equity. 

Proposals for relieving British railways of a sub- 
stantial proportion of the sums paid for local rates in 
return for a reduction of freight charges on certain 
descriptions of goods and mineral traffic were made by 
Mr. Churchill, Chancellor of the Exchequer, in his 
Budget speech in April 1928; but inasmuch as all 
remissions of local taxation will have to be passed on 
to railway users in the form of lower charges, the posit- 
tion outlined above is not materially altered. 

The opening of the Underground railways to Golders 
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Green, by providing ready access to the Metropolis, 
created a large traffic where formerly there was none, 
and houses will spring up in any area in beautiful Kent, 
given access to London in 30-45 minutes. With the 
scenery provided by Nature, and the traffic facilities 
provided by the railway, a very considerable traffic may 
be expected. 

English Local Goods Traffic.—It is not thought that 
the proposed Railway will handle a large goods or 
mineral traffic in England. Owing to the break of 
gauge, all truck-load consignments for Kent originating 
north of London will be conveyed to their destinations 
by the South-Eastern and Chatham section of the 
Southern Railway, but it would probably be worth 
while in the future to construct a short branch to the 
Kent coalfields in order to carry coal to the London 
suburban area and also to Paris. 

French Local Traffic—As in the case of England, 
under this heading are included all receipts to be earned 
by the Railway in France, through traffic to and from 
England alone excepted. The distance to be operated 
in France, excluding the Channel Tunnel approach, is 
152 miles, and the Railway will provide the quickest 
route from Paris to the seaside, the trains reaching 
Boulogne in 80 minutes from the capital. The esti- 
mated receipts have been taken at {2,250,000 per 
annum, an average of only £14,803 per mile per annum. 

The passenger traffic is estimated at £1,600,000, and 
the goods traffic at £650,000, being 40:6 per cent. of the 
passenger revenue. 

It is proposed to work the suburban traffic between 
Paris, St. Denis, and Beaumont-Persan on the same 
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non-stop principle as in the London suburban district, 
but a similar density of traffic cannot be expected for 
some time to come. However, much of the country 
served is very suitable for building, and in Paris, as in 
other large cities, there is a serious shortage of houses. 

Supplementary Net Receipts will consist of profit 
from two hotels, rent of Company’s property, dwellings 
cottages, arches in viaduct, advertising spaces, bookstalls, 
shops, money changing, omnibuses, etc., and are 
expected to amount to £75,000 per annum. 

Working Expenses—These are estimated as 
£23,209,998 or 66 per cent. of the gross receipts. 

The working expenses of the Railways of Great 
Britain in 1927 were 80°83 per cent. of the gross receipts, 
and this figure is the average obtained by lines varying 
widely in traffic density. The proposed Railway will 
handle an exceptionally valuable traffic under, in general, 
extremely favourable conditions, on a comparatively 
short length of line, without branches of inferior earning 
power, and the proportion of working expenses to gross 
receipts is estimated at 78°09 per cent. for the standard 
gauge, or 66°00 per cent. for the broad gauge. Owing 
to the high speeds contemplated, the power item will 
be a heavy one, but the Railway will be constructed with 
very favourable gradients and curves, in order to reduce 
the current consumption to a minimum. Even high 
speeds, costly though they are, have some compensating 
advantages, as they enable the train staff to cover a 
considerably increased mileage in the day. For example, 
it has been recently stated that the standard day’s work 
for an engine-driver is 150 miles, but the men on the 
proposed Railway will work from London to Paris and 
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back, a distance of 506 miles, in the day, with an actual 
running time of only 5} hours, thus materially reducing 
the labour charge per mile run. 

Particulars of the estimated capital expenditure, 
proposed capital issue, estimated gross receipts, esti- 
mated working expenditure and proposed appropriation 
of balance available for dividend are given below : 


EsTIMATED CAPITAL EXPENDITURE. 


£ 
English Section of Railway * 58,529,345 
French Section of Railway * 99,836,549 
Channel Tunnel * 


PROPOSED CAPITAL ISSUE. 


30,811,200 


£189,177,094 


5 per cent. Debenture Stock 46,000,000 
6 per cent. Preference Stock 72,000,000 
Ordinary Stock 


EsTIMATED Gross RECEIPTS. 


72,000,000 


£190,000,000 


London to Paris, 8,333,333 1 at £2 -.- 16,666,666 
London to Boulogne, 3,833,333 t at £1 3,833,333 
Ashford to Boulogne, 333,333 f at 10s. ... 166,666 
Parcels, Mails, etc., conveyed passenger train 1,000,000 
London to Continent goods traffic 9,749,999 
Local traffic in England, passengers 1,100,000 
Local traffic in England, goods 400,000 
Local traffic in France, passengers 1,600,000 
Local traffic in France, goods 650,000 

£35 ,166,664 


* For details, see Appendix. 


+ Counting both ways. 
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EsTIMATED WoRKING EXPENDITURE. 


Maintenance and Renewal of Way and Works ... 3,381,580 
Maintenance and Renewal of Rolling Stock semen 007,053 
Electric Power and Running Expenses... S77 055304 
Traffic Expenses... a soe ee imen7/777 05040 
General Charges... ae 825,115 
Law, Parliamentary and Tasanal Easenses ace 40,153 
Compensation ae sas aa ee sae 163,515 
Rates . : a8 a ste ae eee l+0/740025 
Miscellaneous sae Pa ota ae eos 216,549 

£23,209,998 


EsTIMATED RECEIPTS AND EXPENDITURE. 


Estimated Gross Receipts ... oe one .-» 35,166,664 
Estimated Working Expenditure ... a .-» 23,209,998 
Net Railway Receipts ... sen fa .-» 11,956,666 
Supplementary Net Receipts ~ mes ee 75,000 
Balance available for Dividend nee ... £12,031,666 


PROPOSED APPROPRIATION OF BALANCE AVAILABLE FOR DIVIDEND. 


Debenture Stock, £46,000,000 at 5 percent. ... 2,300,000 
Preference Stock, £72,000,000 at 6 per cent. ... 4,320,000 
Ordinary Stock, £72,000,000 at 7 percent. ... 5,040,000 
Balance forward ae: 3 A nee 371,666 
£12,031,666 


It will be noticed that the proposed Railway has been 
here dealt with as a single corporation. There would be 
considerable advantages in a unified control of both the 
English and French sections of the Railway, and it 
would be wholly unnecessary and wasteful to have two 
sets of higher officials. In any case, the entire Railway 
would be operated as a single unit, and it is hoped that 
it may be found possible to arrange for the formation 
of a single international company to construct and work 
the proposed Railway. 

Naturally, the English section of the Railway would 
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be under English law, with English fares and rates in 
force, and similarly the French section of the Railway 
would be under the control of the French Government, 
and French fares and rates would be charged ; it is not 
thought that there would be any difficulty in providing 
separate statistical returns for the two sections as 
required by the two Governments, especially as the 
receipts and expenditure on one side of the Channel 
would be in sterling, and on the other in francs. 

Suitable provision would be made for the repre- 
sentation of both countries on the Board of Directors, 
and the shareholders’ meetings would be held in London 
and Paris alternately. It is thought that the capital of 
the Company should be issued in sterling. 

In the past, French railways have received consider- 
able financial assistance from the State, but it was 
decided in the Conventions of 1921 that they must 
henceforward be self-supporting. Owing to the fall of 
the franc, the cost of living, and consequently the rail- 
way expenditure, rose, and successive increases were 
authorised in passenger fares and goods rates, which have 
materially improved the financial position of the French 
railways. Uniform fares and rates are now levied over 
the whole of France, and if railways consisting of main 
lines and numerous branches of inferior earning power 
can pay their way under the new tariff, it should not be 
difficult for a main line without incumbrances to do so. 
The recent increases of tariffs may be regarded as an 
effective guarantee for the future earning power of the 
French section of the proposed Railway. 

Political considerations may, however, require the 
formation of two independent Companies, and it becomes 
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necessary to show what the respective figures would 
be if the two sections of the Railway were constructed 
and operated as self-contained units. It is assumed for 
the purposes of the following calculations that the 
gross receipts and the proportion of working expenses 
to gross receipts remain unchanged. In England, the 
issue of Debenture Stock is limited to one-fourth of the 
total issue ; in France there is no such restriction. 


ESTIMATED CAPITAL EXPENDITURE. 


England. France. 
£ 
Cost of Railway ... 58,529,345 99,836,549 
Half cost of Channel Tarniel .-» 15,405,600 15,405,600 
Total ... S60 eee --» £73,934,945  £115,242,149 


PROPOSED CaPITAL ISSUE. 


£ 
5 per cent. Debenture Stock ... 18,000,000 58,000,000 
6 per cent. Preference Stock ... 28,000,000 — 
Ordinary Stock ... Ae ... 28,000,000 58,000,000 


£74,000,000 {116,000,000 


EstTIMATED Gross RECEIPTS. 


London to Paris : Jf 
(England 81/253, France 172/253) 5,335,968 11,330,698 
London to Boulogne : 


(England 81/112, France 31/112) 2,772,321 1,061,012 
Ashford to Boulogne : 
(England 30/61, France 31/61 81,967 84,699 


Parcels, Mails, etc. (G.V. Traffic) 
(divided in same ratio as pas- 
senger traffic) ... iss 396,303 603,697 
Continental Goods Pencic : 
(divided in same ratio as pas- 
senger traffic) ‘es .-» 3,863,951 5,886,048 


Carried forward ... ss. 12,450,510 18,966,154 
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EsTIMATED Gross RECEIPTS—continued. 


England. France. 
£ £ 
Brought forward ... see 12,450,510 18,966,154 
Local Traffic : 

Passengers and passenger train 

traffic 58 mitt .. 1,100,000 1,600,000 

Goods ... a age sae 400,000 650,000 

Total gross receipts Ae .-» 13,950,510 21,216,154 

Working expenses at 66 per cent. 9,207,336 14,002,662 

Net Railway Receipts. ... Bea 74351 74. 7,213,492 


Add Supplementary Net Receipts 35,000 40,000 


Balance available for Dividend ... £4,778,174 £7,253492 


PROPOSED APPROPRIATION OF BALANCE AVAILABLE FOR DIVIDEND. 


Debenture Stock, £18,000,000 at £ £ 
5 per cent. soe 30 900,000 
Preference Stock £28,000,000 = 
6 per cent. : .-» 1,680,000 
Ordinary Stock £28,000, 000 at 
7 per cent. ils ; «+» 1,960,000 
Balance forward _.... ai 238,174 
£4,778,174 
Debenture Stock £58,000,000 at 
5 per cent. 
Ordinary Stock, L 58,000,000 at 2,900,000 
7 per cent. : a 
Balance erred so Se 4,060,000 
2935492 
£7;253,492 


In the following tables, the particulars given above 
in sterling for the French section of the proposed 
Railway are shown in francs, converted at 124 to the £. 
In France, the existing railways carry the mails without 
charge in recognition of State assistance in construction, 
but as the proposed Railway will not receive financial 
aid from the French Government, it is presumed that 
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it will receive payment for the carriage of mails to and 
from England, also possibly between places in France 


served by the Railway. 


EsTIMATED CAPITAL EXPENDITURE. 


Cost of Railway 
Half cost of Channel Tonnel 


Total 


PROPOSED CAPITAL ISSUE. 
5 per cent. Debenture Stock 
Ordinary oat 


Total 


EsTIMATED Gross RECEIPTS. 


Passenger Traffic : 
Paris to centre of Channel Tunnel (for 


London) ; 

Boulogne to centre ae Chsnuel cane? ice 
London) 

Boulogne to centre of Channel Tnnel (for 
Ashford) 

Parcels, mails, etc., oes by percencee 
train to centre of Channel Tunnel for 
London 

Goods Traffic : 

Paris and Boulogne to centre of Channel 
Tunnel : 


Local Traffic : 
Passengers and G.V. traffic 
Goods : ee 


Total : 
Working Expenses at 66 Der font. 


Net Railway Receipts .. 
Add Supplementary Net Recon 


Balance available for Dividend ... 


Francs. 


12,379,732,076 


I,910,294,400 


14,290,026,476 


Francs. 


7,150,000,000 
7,150,000,000 


14,300,000,000 


Francs. 
1,405 ,006,552 
131,565,488 


10,502,676 


74,858,428 


729,869,952 


198,400,000 
80,600,000 


2,630,803,096 
1,736,330,088 


894,473,008 
4,960,000 


__ 899,433,008 
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PROPOSED APPROPRIATION OF BALANCE AVAILABLE FOR DIVIDEND. 


Francs. 
Debenture Stock, Fr.7,150,000,000 at 5 per cent. 357,500,000 
Ordinary Stock, Fr.7,150,000,000 at '7 per cent. 500,500,000 
Balance forward ... ves fete pe 41,433,008 
899,433,008 


It is true that the estimated capital cost of the 
Railway is large, representing in fact a far higher sum 
than has ever been previously offered for subscription, 
and doubts may be expressed as to whether it may be 
possible to raise the amount required. 

In reply, it may be stated that the first necessity for 
a successful issue is a thoroughly sound scheme, reliable 
estimates of cost and probable traffic ; the adoption of 
every factor that will minimise running expenses, and 
promote the comfort and economise the time of pro- 
spective passengers. Whether the present scheme 
answers this description must be left to the judgment 
of experts. 

In the second place, the Railway will take rather a 
long time to construct, and all the capital will not be 
required at once. In the estimates, 20 per cent. has 
been added to the estimated actual cost for interest on 
capital during construction, which is equivalent to 5 per 
cent. for an average of four years from the date of 
subscription. This would imply that the capital calls 
would be spread over a period of five or six years, as 
the work of construction progressed, although, naturally, 
a somewhat higher ratio would be required in the earlier 
part of the period to defray the cost of property pur- 
chased. If the time for the construction of the Railway 
is taken as six years, and the interval between the first 
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and last call as only five years, an average annual capital 
issue of 38 millions sterling would be required. 

Thirdly, the two countries whose capitals are to be 
connected by the proposed Railway have greater financial 
resources than are to be found elsewhere in Europe ; 
and the United States, still more populous and wealthy, 
has within the last few years made heavy investments 
in London railways. ‘The people who have the money to 
invest have a direct and personal interest in the improve- 
ment of communication between England and the 
Continent, because they frequently make the journey ; 
and if all interested parties will do what they can, it 
should surely not be impossible for the London, Paris, 
and New York money markets each to find an average 
sum of less than six and a half millions every six months 
for five years to build the proposed Railway. 

There is, unfortunately, at the present time a large 
amount of unemployed labour in this country. Some 
small portion has been employed in constructing arterial 
roads, which are now approaching completion, and the 
experience thus gained would render these workers a 
valuable nucleus for training the very large amount of 
labour that will be required for the proposed Railway. 
The engineering works proposed are of altogether 
exceptional magnitude, and would provide employment 
for a vast army of men. In fact, it is hardly too much 
to say that the unemployment dole might be entirely 
withdrawn in the case of able-bodied men, thus relieving 
taxation, and avoiding the inevitable demoralisation 
which comes from receiving money without having 
worked for it. 


THE TEACHING OF FOREIGN 
LANGUAGES 


The proposed Railway will not confine its activities 
solely to the transportation of passengers and goods. 
By common consent, the teaching of modern languages 
is the weakest part of our educational system. ‘The 
disproportionate amount of time spent on Latin is 
clearly an interesting relic of the Middle Ages, when 
Latin was the universal tongue for educated people, 
the Esperanto of the time. The scholastic mind moves 
slowly and is wedded to tradition. It still tries to turn 
British boys into Latin poets. It has not grasped the 
fact that railways during the last hundred years have 
brought intercommunication between peoples; that 
Latin is in truth a dead language, and that live languages 
and a live manner of teaching them are now needed. 
Necessities should come before luxuries. Every 
Englishman should speak French and German fluently, 
and have a knowledge of Spanish and Italian. If Sir 
James Barrie’s League of Youth is to be realised, we 
must revolutionise our methods of teaching foreign 
languages. 

The late W. T. Stead, thirty years ago, fully investi- 
gated a system of teaching foreign languages founded 
by Frangois Gouin, and introduced into this country 
by Howard Swan, which is sometimes known as the 
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Direct Series system. Short sentences arranged in 
logical sequence, describing in the first instance the 
simple facts and experiences of life, are orally taught 
to the student as vividly and dramatically as possible, 
and the words, linked together in sentences, are thus 
inseparably connected in the mind with a mental picture 
of the objects and actions delineated. 

Here is a specimen lesson in French: 

Chemin de Fer. Le voyageur prend les billets. 

1. Les voyageurs entrent dans la gare. 

2. Le voyageur se rend au guichet. 

3. Et demande des billets: ‘‘ Deux billets, Paris— 

premiere classe, aller et retour.” 

4. L’employé délivre les billets. 

5. Puis le voyageur demande: ‘‘ Combien est-ce ? ” 

6. Le voyageur paie avec l’argent qu’il retire de son 

porte-monnaie. 

7. L’employé encaisse l’argent, et rend la monnaie. 

8. Le voyageur ramasse ses billets et sa monnaie. 

Each sentence is explained as far as possible in the 
language taught, with frequent repetition, by both 
teacher and students, until they have it by heart, and have 
mentally visualised the scene described. Not until the 
students can repeat the lesson are they allowed to see 
the printed copy, which they subsequently transcribe. 

Gouin’s great discovery was that the ear, and not the 
eye, is the organ of language. The printed book was 
anathema to him until the pupil could speak. With his 
system, the pronunciation of pupils is remarkably good, 
as when the ear has been correctly trained it is only a 
matter of time and practice for the tongue to produce the 
required sounds. Gouin students are eager to talk, and 
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are free from the shyness so often shown by those who 
have been taught by conventional methods. 

Mr. Stead had his children taught French on this 
system, and at the end of three months they were able 
to carry on an ordinary conversation in French. So 
much was Mr. Stead impressed with the results of the 
Gouin system that he termed it a “ Royal Road to 
Languages.” The present writer has had a long and 
thorough experience of the system, and can fully endorse 
Mr. Stead’s verdict in every respect. 

It is proposed to set apart space in the station 
buildings at the termini at both London and Paris for 
the provision of numerous small class-rooms for the 
teaching of foreign languages on the Gouin Series 
System, as it is thought that this will be a great incentive 
to foreign travel. 


RECEPTION OF SCHEME IN 
ENGLAND 


There can be little doubt that the public in general 
will welcome the proposed Railway. For business and 
pleasure, many travel to France and the Continent ; 
many of us have friends there, and the Railway will 
render intercourse easier, quicker, and cheaper. The 
broad gauge has always been popular in this country, 
and has a high reputation both for comfort and speed. 
The Railway will offer one of the most important con- 
tributions of recent years towards solving the problem 
of housing, with rapid communication between the 
suburbs and the Metropolis, and as it is proposed to 
acquire sufficient land in the suburban district for four 
sets of up and down lines in addition to the three pairs 
each way to be laid down from the beginning, the 
Railway will be able to offer exceptional facilities for 
suburban traffic without being haunted by the fear that 
too much success in obtaining business might over- 
whelm its resources, and by involving heavy expenditure 
for widenings and terminals, leave it in a more un- 
favourable financial position than before. 

With the exception of the Southern Railway, it is 
thought that the railway companies of Great Britain 
will support the scheme. ‘Taking the present Con- 
tinental traffic as 2,500,000, counting both ways, this 
represents 1,250,000 passengers who make the out- 
ward and return journeys. Of this number, it is believed 
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that two-thirds are British and only one-third foreigners, 
which gives an approximate total of less than 420,000 
foreign visitors yearly. This seems a very inadequate 
figure, and is probably due to an exaggerated fear of the 
Channel crossing, derived from the distant past. The 
construction of the Channel Tunnel will bring a large 
increase in the number of foreign visitors to London ; 
many of these will visit for business and pleasure various 
places in this country, and a new stimulus will be given 
to international trade, thus increasing both passenger and 
goods traffic on the railways throughout the country. 

The amalgamation of the South Western, Brighton 
and South Eastern and Chatham Railway Companies 
into the Southern Railway has an important bearing on 
the prospects of the scheme. Had it not taken place, 
the South Eastern would have been the principal loser 
through the construction of the proposed Railway, 
while the Brighton and South Western would unques- 
tionably have been gainers from the further movements 
of a largely augmented number of foreign visitors 
arriving in London. It is estimated that the proposed 
Railway will carry 124 million passengers, counting 
both ways, between England and the Continent, that 
is, 6} millions each way, out and home. If we assume 
that 3} millions will be British, and 3 millions visitors 
from abroad, this would give an addition of two and a 
half million foreign visitors annually to London, over 
the present estimated total. 

The Southern Railway serves the whole of the 
seaside resorts in Kent, Sussex, Hampshire, Dorset, 
and the Isle of Wight, also many charming districts 
in Surrey, Devon, and Cornwall, and when the bogey 
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of the Channel crossing is laid, we may expect foreign 
visitors to spend their holidays in England, travelling 
to the seaside via London. There are also many other 
places of interest on the Southern Railway, such as 
Hampton Court, Richmond, Kew, Brooklands, Epsom, 
Ascot, Goodwood, and Tunbridge Wells, and it may be 
taken as certain that many visits will be paid to these 
spots by visitors who spend a few days in this country. 

The proposed Railway will carry many provincial 
residents from London to Paris and back, and the 
Southern as one of our four principal railways operating 
from London, may fairly expect to convey one-fourth 
of this additional traffic to and from London, en route 
for Paris and the Continent. It may be further antici- 
pated that the construction of the Channel Tunnel 
will increase the number of American passengers 
travelling to and from the French capital via South- 
ampton and London and wice versa, as the journey 
from Southampton to Paris via London will be 
accomplished in five hours. The distance from 
Southampton to London is 79 miles, which is com- 
parable with the journey from Victoria to Dover 
Marine of 78 miles, and Victoriato Folkestone Harbour 
of 76 miles. 

It is therefore thought that the Southern Railway 
will be able to secure increased business in other 
directions, which will in some measure compensate for 
the diversion of the existing Continental traffic to the 
London and Paris Railway. 

The Southern Railway had in 1927 gross receipts 
amounting to £26,703,485, with a net revenue of 
nearly 64 millions sterling; the continental traffic, 
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albeit important, is only one of the remunerative ser- 
vices carried on by this great company ;* in any event, 
the management will have ample notice of impending 
changes, and will be able to make arrangements accord- 
ingly. Apart from the Continental traffic, the strength 
of the South Eastern section of the Southern Railway 
lies largely in its coast traffic; the proposed Railway 
will not have a single station on the English coast. 
As regards suburban traffic, the South Eastern and 
Chatham section alone has 66 suburban stations within 
a radius of 12 miles from Charing Cross, and the pro- 
posed Railway will only have 6 in the same area, so 
no serious diversion of traffic can be apprehended. 

Speaking generally, the bulk of the traffic to be 
carried on the proposed Railway will be created by new 
facilities, and it is thought that any adverse effect on the 
Southern Railway would be comparatively unimportant ; 
would be largely met by an adjustment of train services ; 
and would, after an interval, be extinguished by the 
normal growth of traffic. 

The Railways Act, 1921, which provided for the 
grouping of the British railways, authorised each rail- 
way group to fix its fares and rates, subject to the 
approval of the Railway Rates Tribunal, with a view to 
earning a standard net revenue based in the main on 
the aggregate net revenue of the year 1913, but this 
standard revenue is not guaranteed by the State in any 
way, and Parliament retains unimpaired its sovereign 
right to grant permission for the construction of new 
railways as may be required in the public interest. 


* For example, the Southern Railway carries as many passengers to 
the Isle of Wight alone, as it does to the Continent. 
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On the 11th June, 1842, a law was passed in the 
French Parliament to sanction the construction of the 
principal trunk railways in that country. Under this 
scheme the State was to provide the land, make bridges, 
stations, and earthworks ; the companies receiving the 
concessions had to supply the permanent way and 
rolling stock, and were authorised to operate the railway 
for a certain number of years. At the expiry of the 
concession, the lines were to revert unconditionally to 
the State, subject only to payment at a valuation for the 
permanent way and rolling stock. These were attractive 
terms, and there was considerable competition between 
various syndicates to obtain the concessions. Some 
accepted concessions for as short a period as twenty- 
seven years, involving a heavy charge for amortisation 
of capital ; others undertook to repay the State the sums 
expended on bridges and earthworks, and the Nord and 
the P.L.M. Railway Companies have actually done so 
for the lines originally conceded. The concession for 
the Railway from Paris to Amiens, Lille, and the Belgian 
frontier was originally granted for thirty-eight years only 
from 1845, while the concession for the line from 
Amiens to Boulogne en route for England was for 
ninety-nine years, from 1844, which incidentally indi- 
cates the greater importance of the traffic between Paris 
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and the industrial districts of the north-east of France 
and Belgium. 

By a Convention with the Nord Railway Company 
dated 21st June, 1857, the concession for all the lines 
belonging to the company was fixed to terminate on the 
31st December, 1950.* 

It should be mentioned that the State, in granting 
these concessions, has strictly reserved the right to grant 
competing concessions in the same territory, and the 
concessions to the Northern of France Railway Company 
do not therefore preclude the State from granting a 
concession for the construction of the French section 
of the proposed Railway.f 

The relations between the French Railway Com- 
panies and the State are of a somewhat unusual and 
complicated character, and have been produced by a 
series of events which will be briefly recapitulated here. 
A great boom in railway shares took place in 1845, 
during which stock rose to very high prices. This 
undue inflation was succeeded by a severe panic, and in 
1847 a number of companies found that they could not 
raise the capital necessary to finish the lines they had 
begun, and had undertaken to complete by a certain 
date. Under French law, in order to ensure the 
completion of the railway, they were bound in such 
circumstances to dispose of their unfinished lines to 


* All authorities agree on this date, but curiously enough, Lambert, 
in his valuable Monographie du Réseau du Nord, while quoting the 31st 
December, 1950 as the date of expiry, states that under this convention 
the concession was to run for a period of 99 years from the 1st January, 
1851 (p. 37). 

+ “ L’Etat s’est réservé formellement dans le cahier des charges 
de chaque concession, le droit de concéder des lignes desservant le méme 
trafic.” Colson, Transports et Tarifs, p. 578. 
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any person or persons who would buy and complete, 
for what price they could get for them, which at a time 
of financial crisis would be almost negligible, and if no 
purchaser could be found, the lines were to be taken 
over by the State, as they then stood, without payment. 
The Government of the day, however, decided that in 
view of the importance of the railways to the nation at 
large, it was not desirable to discourage investors by 
taking undue advantage of the misfortunes of those 
who had supplied the necessary capital ; they therefore 
extended the times fixed for completing the railways, 
and gave some measure of financial assistance. In 
February, 1848, before the new arrangements had time 
to operate, came the Revolution, which had an un- 
settling effect on the money market, and made the 
position of the companies again very difficult. 

The new Republican Government proposed the 
purchase by the State of the entire railway system, but 
their project fell through. They subsequently came to 
the assistance of certain companies by relieving them of 
some of their commitments, but had to appoint receivers 
for several lines. 

Louis Bonaparte was elected President of the new 
Republic in December, 1848, and three years later, by a 
coup d’état, inaugurated the second Empire. 

The liberal measures introduced by the new admini- 
stration resulted in a period of considerable industrial 
expansion and prosperity, together with a rapid develop- 
ment of the railway system. The extension of all 
concessions previously granted for shorter periods of 
varying duration to a uniform period of ninety-nine 
years, materially strengthened the financial position of 
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the companies by reducing their annual charges for 
amortisation of capital, and by assuring them of a 
prolonged period in which they could enjoy the reward 
of their pioneer labours in developing traffic. The 
numerous independent railway undertakings all over 
the country were gradually amalgamated into the six 
great companies, thus permitting through running, 
more economical and efficient management, and reducing 
competition to a minimum. 

These favourable conditions gave a great impulse to 
railway construction, and while at the end of 1851 the 
length of lines authorised was less than 5,000 kilometres, 
of which 3,500 kilometres were open for traffic, by the 
end of 1857 the length of lines authorised, and which 
the companies had constructed or undertaken to con- 
struct, was no less than 16,000 kilometres. In six years 
the six great companies had spent two thousand million 
francs, and they had undertaken works which would 
involve the further expenditure of an equal amount. 
Naturally, the earlier railways had been built to connect 
the chief traffic centres, and in 1858, when the enormous 
sums of money spent, and to be spent, were considered, 
and compared with the traffic potentialities of the 
districts through which the new railways were to run, 
considerable anxiety began to be felt as to whether they 
would be remunerative. Anxiety rapidly became panic ; 
railway stock fell enormously in value, and it became 
impossible for the companies to issue the debenture 
stock on which they were relying to finance their new 
works, having already exhausted their share capital. 

In these circumstances, the companies were again 
compelled to seek the assistance of the Government, 
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and this was granted in the form of a guarantee of 
interest. Recognising that the older lines were able to 
pay their way, and were not in need of assistance, the 
Government, for administrative purposes, divided the 
railways belonging to each company into the Old 
System and New System. No guarantee of interest was 
accorded to the former, but the companies were allowed 
to receive the profits from the working, which were to 
be used, firstly, in paying the debenture interest ; 
secondly, in paying a dividend to the shareholders 
slightly inferior to that of recent years ; and any surplus 
was to be devoted towards paying the capital charges 
on the New System. 

For the latter, the State guaranteed to the companies 
an annual net revenue sufficient to pay interest and 
sinking-fund charges. ‘The advances made for this 
purpose were to bear simple interest at 4 per cent. As 
soon as the net earnings of the two systems combined 
exceeded the sum required to pay the debenture interest 
and the maximum statutory dividend on the old system 
and the guaranteed interest on the new system, any 
surplus was to be used in repaying to the State the 
advances which had been made. 

As security for its debt, the State had the rolling 
stock, machinery, and plant belonging to the railway 
companies. By the terms of the original Acts autho- 
rising the concessions, at the expiry of each concession, 
the State was to take over from the company, at a 
valuation, the permanent way, rolling stock, machinery, 
and plant, and the conventions of 1859 stipulated that 
if at that period a company found itself in debt to the 
State, such debt should be made a first charge on any 
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sums paid by the State to the company by way of 
compensation for the property acquired. 

In return for the very great assistance granted by 
the State, it was further agreed with the companies 
that should the normal growth of traffic permit the 
payment of higher dividends, after their debt to the 
State had been extinguished, any surplus, after a new 
maximum dividend had been distributed, should be 
divided in equal shares between the State and the 
company concerned. 

As Colson says, the object of the conventions of 
1859 was not to make heavy subventions to the com- 
panies at the cost of the State, but merely to place their 
credit upon an unimpeachable basis by a State guarantee 
of interest, until by the normal growth of traffic they 
were able to pay the charges on the new system from 
their own net earnings.* 

The conventions succeeded in their object, and the 
credit of the companies rapidly improved. Not only 
were they able to proceed with the construction of the 
lines already undertaken, but by conventions made in 
1863, 1868, 1873, and 1875, they agreed to make further 
railways, often in difficult country, and in thinly 
populated districts, where traffic could not be otherwise 
than slender for many years to come. Had the railway 
companies built these lines solely relying on the Govern- 
ment’s guarantee of interest, they would have largely 
increased the sums owing by them to the State, which 
had to be repaid before they recovered the right of paying 
an augmented dividend. ‘They, therefore, only accepted 
the concessions to construct these subsidiary railways 


* Transports et Tarifs, p. 294. 
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with a direct contribution (often a large one) from the 
State towards the outlay, in addition to the guarantee of 
interest on the capital they themselves provided. In 
some cases, the State found the sums required for these 
subventions ; in other cases, the railways obtained the 
money on behalf of the State, the latter merely becoming 
responsible for interest and sinking fund. This money 
was found by means of irredeemable annuities, which 
were entirely independent of and distinct from the 
guarantee of interest. 

The principle of the guarantee of interest was also 
applied to capital spent on new works on the older 
railways which had for their object the provision of 
increased facilities for traffic, or were intended to 
promote economies in working. 'These improvements 
had only a secondary benefit for the companies, as the 
immediate savings merely resulted in a diminution of 
the claim on the Government guarantee, but the State 
had a direct interest in the financial results of the 
companies’ working, and was, therefore, willing to 
guarantee the interest on new works designed for these 
objects. 

Taught by experience, the six great companies had 
shown themselves most reluctant to undertake the 
construction of lines of inferior earning capacity, except 
on terms which were very onerous to the State, but the 
inhabitants of the smaller towns and villages, which 
were as yet without railway communication, were 
insistent in their claims to be linked to the general 
system. To meet these demands, concessions were 
granted in 1863 and 1864 to several new companies. 
It was recognised that the receipts would be low, but 
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the lines were to be constructed in the cheapest possible 
way. No Government guarantee of interest was given, 
but sums were contributed by the State towards the 
capital outlay, and it was hoped that these lines would 
be able to pay their way. Powers were also given to 
the Councils of Departments to sanction railways of 
local interest, and assistance was given both by the 
State and the department concerned. In some cases, 
the State itself undertook the construction of new 
railways. 

By these means, a considerable number of branch 
railways were constructed in various parts of France, 
but in 1875 many of these secondary lines found them- 
selves in difficulties. At this time, the great companies 
were prosperous, partly, no doubt, by the increases in 
traffic brought by the subsidiary lines, and an outcry 
was raised that their fares and rates were excessive. 
It was proposed that the State should purchase many 
of these secondary railways, and by linking them 
together, form alternative systems competing with the 
six great companies; and steps were taken with this 
end in view, which resulted in 1878 in the purchase of 
the State Railway System in the south-west of France, 
M. de Freycinet being Minister of Public Works. 

It was then realised that this policy was of doubtful 
value, as it became evident that if the leading lines were 
compelled by competition to reduce their charges, their 
net revenue would suffer, and larger claims would be 
made on the State guarantee of interest. The policy 
of State purchase of secondary railways was therefore 
abandoned, and they were for the most part absorbed 
by the existing trunk lines. These were only willing 
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to pay the intrinsic value of the railways, based on their 
net revenue earning capacity, and the State refunded to 
the shareholders the sums they had provided for con- 
struction, less what they had actually received from the 
great companies for the sale of their lines. 

In 1879, M. de Freycinet prepared an important 
programme for the extension of the railway system in 
France, providing for the construction of 4,500 kilo- 
metres, which was amplified by the Chamber to a total 
of 8,800 kilometres. The cost was estimated at 3,500 
million francs, which, with a further 1,500 millions for 
waterways and ports, made a total of 5,000 million francs, 
which were to be spent in ten years. 

At that time, the finances of France appeared to be 
in a most prosperous condition. ‘The yield from taxes 
was increasing by leaps and bounds. It was, therefore, 
thought that there would be no difficulty whatever in 
financing this somewhat ambitious programme. During 
the years, 1880, 1881, and 1882, the outlay, chiefly 
provided by the State, on new lines, amounted to 274, 
328, and 378 million francs respectively, without 
counting the cost of rolling stock and supplementary 
expenditure on lines already open for traffic. 

During this period, the State continued to purchase 
in various parts of the country secondary lines which 
could not meet their engagements, and owned a con- 
siderable mileage, all of low earning capacity, and 
mostly unconnected with each other. 

From 1872 to 1879, in seven years, the total railway 
receipts had increased by only 154 million francs, and 
the advances required from the State under guarantee 
of interest had varied between 30 and 50 million francs 
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annually. Between 1879 and 1882, in three years, the 
receipts had risen by 182 million francs, with the result 
that all the companies, excepting only the Ouest, had 
commenced repayment of the sums advanced to them 
by the State. 

In 1882, came the crash. The prices of securities 
fell, the yield from taxation diminished, a revision of 
the estimates made in 1879 for the cost of the railways 
in hand showed that they were quite inadequate. 
Instead of costing 3,500 million francs, it was found that 
they would cost 6,500 million francs, of which only 
1,000 millions had been undertaken by the companies, 
the remainder, 5,500 millions, being at the charge of 
the State. Of this total, barely a fifth had been spent. 
In the altered financial conditions, any general scheme 
of State purchase of the railways, to which the Freycinet 
policy had been tending, was out of the question, and 
it became necessary to make arrangements with the great 
companies to carry out the numerous provincial railways 
which had been promised to the rural populations. This 
was the origin of the conventions of 1883, made between 
M. Raynal, representing the French Government, and 
the principal railway companies. 

The distinguishing features of these conventions 
were as follows :— 

1. The companies (excepting the Midi, which left 
the work of construction to the State) agreed to con- 
struct on behalf and at the expense of the State the 
railways comprised in the Freycinet programme of 
1879. They were to provide for the necessary outlay 
by the issue of debentures on which the State guaranteed 
interest and sinking fund. 


RECEPTION OF SCHEME IN FRANCE 95 


2. While, in the earlier conventions, the State only 
undertook to supply the land and construct earthworks 
and bridges, the companies providing the permanent 
way, in those of 1883, the State became responsible for 
the total outlay, subject only to a fixed contribution 
payable by the companies. This was 25,000 francs 
per kilometre (£1,600 per mile) in the case of the Est, 
Ouest, P.L.M., Midi, and Orleans Companies, this 
last company making a further flat contribution of 
40,000,000 francs towards the line from Limoges to 
Montauban ; the Nord, however, contributed a lump 
sum of 90,000,000 francs for its 425 kilometres. The 
total sum to be provided by the companies was 330 
million francs, apart from the rolling stock and other 
equipment, for which they would be indemnified by 
the State at the end of the concession. 

3. The companies were to receive from the State as 
advances bearing interest : 

(a) Such sums as were necessary to enable them to 
distribute to their shareholders a dividend 
based on the average of those recently paid 
(54 fr. 10 for the Nord ; 35 fr. 50 for the Est ; 
38 fr. 50 for the Ouest ; 56 fr. for the Orleans ; 
55 fr. for the P.L.M., and 50 fr. for the Midi). 
This guarantee of interest was, however, 
limited to the 31st December, 1914, for the 
Nord and the P.L.M. To the Est, it was 
granted until the 31st December, 1935; and 
to the Orleans and the Midi by a decree of 
the 12th January, 1895, for the whole term of 
their concessions, expiring at the end of 1956 
and 1960 respectively. 
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(b) Such sums as were required to pay interest and 
sinking fund charges on the debenture stock 
issued by the companies to finance the works 
undertaken. 

The advances made under these two heads were 
repayable as soon as the net profits of a railway exceeded 
the amount required to pay the statutory charges (a) and 
(b) mentioned above. They were secured on the assets 
of the respective companies, and any portion still out- 
standing at the close of the concession was to be 
deducted from the sum receivable by the company from 
the State for rolling stock and other property acquired 
under the terms of the concession. 

4. After a railway company had refunded to the 
State the advances received, with interest, the share- 
holders were authorised to receive, if the net earnings 
permitted, a higher dividend than that guaranteed by 
the State. This was called the reserved dividend, and 
the maximum limit was fixed at 88 fr. 50 for the Nord ; 
50 fr. 50 for the Est ; 50 fr. for the Ouest ; 72 fr. for 
the Orleans ; 75 fr. for the P.L.M.; and 60 fr. for the 
Midi. 

5. Any net profits remaining after these higher 
dividends had been paid, were to be divided between 
the State and the company concerned, in the ratio of 
two-thirds to the State and one-third to the company. 

These conventions controlled the relations between 
the railway companies and the State from 1883 to 1913. 
The Nord Company during the whole of this period 
made no claim on the State guarantee. This may be 
ascribed to the density of population and traffic in the 
districts served, to good management, and the very 
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small portion of the Freycinet programme which fell 
to its share. The dividend of this company has never 
exceeded the reserved limit, beyond which division of 
profits is made with the State. 

The P.L.M., after having drawn on the guarantee for 
several years, liquidated its debt to the State in 1896, 
by accepting a reduction in the annuities by which the 
State was paying for works carried out by the railway 
on its behalf, and by the end of 1912, had paid to the 
Government over 103 million francs as divisible surplus 
profits. ‘The Orleans and Midi Companies had only 
made partial repayment, and at the close of 1913 owed 
280 and 337 million francs respectively, amounts which 
were more than covered by the value of their rolling 
stock. In 1908, the Ouest Company, which at no time 
since 1883 had been able to pay its way without Govern- 
ment assistance, was acquired by the State, partly, it is 
said, because the management, overwhelmed by the 
company’s load of debt, but with their dividend and 
debenture interest securely guaranteed by the State, 
had lost its principal incentive to keen and economical 
management. 

No change of direction, however, could make up to 
the Ouest Railway for the scattered nature of the popula- 
tions served, and in 1913, the last year in which normal 
conditions prevailed, the State railways, of which the 
Ouest forms the greater part, after paying the guaranteed 
dividend and debenture interest, showed a deficit of 
no less than 84 million francs. 

In this year, the Nord and P.L.M. Companies neither 
claimed on the Government guarantee, nor contributed 
surplus profits to the State; the State, Orleans, and 

H 
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Midi Railways required 1024 million francs to pay the 
statutory charges, while the Est Company handed over 
44 millions of surplus profit to the National Exchequer. 
The net amount that had to be made good by the State 
to railway shareholders was therefore 98 million francs, 
or nearly 4 millions sterling. In previous years the 
result, although not quite so unfavourable, had been very 
similar. 

Dealing with the war and post-war period, we find 
that the working expenses of the six great companies, 
which were 1,275 million francs in 1913, by 1920 had 
increased to 6,903 million francs. Contributing causes 
were the great advance in wages, the adoption of the 
eight hours’ working day for all grades, and the extra- 
ordinary rise in the price of coal, which reached a 
maximum of 267 francs per ton in May, 1920, as against 
an average pre-war quotation of 25 francs. The large 
additions made to fares and rates, averaging from 70 to 
80 per cent. for passengers and 180 per cent. for goods, 
did not suffice to cover the increased expenditure, and 
in the seven years, 1914-1920, after paying statutory 
dividends and debenture interest, the railways showed 
a total deficiency of 5,573 million francs. 

The liability of the State in respect of the guarantee 
of interest for the Nord and P.L.M. Companies had 
lapsed on the 31st December, 1914, but it was felt that 
the credit of the companies and indirectly that of the 
State would suffer if default were made in the payment 
of interest and statutory dividend. The companies 
were therefore authorised to make the necessary pay- 
ments, which were subsequently refunded to them by 
the State. 


RECEPTION OF SCHEME IN FRANCE 99 


On the roth January, 1919, a law was passed pro- 
viding for the restoration of the railways to their pre- 
war standard, including deferred renewals, mainly at 
the expense of the State. The prices ruling in 1913 
were taken as the base for the cost of the repairs and the 
renewals, and all charges above that level were defrayed 
by the Government. Permission was also given to 
replace rolling stock and stores and to pay supplementary 
allowances to the staff in compensation for the high 
cost of living. The operation of the law was limited 
to the 31st December, 1920, but it was subsequently 
found necessary to extend it. 

The actual deficit, apart from war damage, for the 
six principal railways for the seven years, 1914-1920, 
is given as under: 


? Ree Revcnue Allowances received 
Railway company. Pent! under Law of Totals. 
roth January, 1919. 
Million francs. Million francs. Million francs. 
INotd >.. one 1,063 161 1,224 
Est ne os 503 157 660 
Paris-Lyon ... 1,186 273 1,459 
Orleans... wee 825 162 987 
Midie =. Aue 388 86 474 
Ktat] 7. oe 1,608 223 1,831 
Total bia 5,573 1,062 6,635 


Converted at 60 francs to the f, the rate ruling in 
1920, the total of 6,635 million francs represents a sum 
of 110 millions sterling, paid by the State to railway 
‘ share and debenture holders by way of guarantee of 
interest for the seven years, 1914-1920. 

As far back as 1917, the financial position of the 
French railways had caused anxiety in Government 
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circles, and in October of that year a strong commission 
was appointed by M. Claveille, then Minister of Public 
Works, to consider proposals for placing the relations 
between the railways and the State on a fresh basis. 
The terms of reference to the commission laid down as 
an absolute principle that the financial situation in 
France rendered it imperative that the total receipts 
of the entire railway system should year by year equal 
the total expenses of the system, including therein 
working expenses as ordinarily understood, and also 
the charges for guaranteed dividend, interest on 
debenture stock, and amortisation. ‘They also stressed 
the essential unity of the French railway system, and 
suggested financial unification, under which uniform 
fares and rates were to be charged throughout the 
whole of France, and all receipts and expenses were to 
be pooled in a common fund. It was also proposed 
that financial inducements should be offered to the 
companies and their staffs in order that they should be 
directly interested in the encouragement and economical 
handling of traffic. 

The commission reported favourably on the scheme 
towards the end of June, 1918, making certain definite 
proposals ; prolonged conferences took place with the 
representatives of the railway companies ; committees 
appointed by both Houses of Parliament examined and 
reported on the proposals, and in 1921, after certain 
modifications had been agreed to they were finally 
adopted. 

From the 1st January, 1921, the working of the 
railway systems conceded to the Est, Midi, Orleans, 
Nord, and Paris-Lyon-Mediterranée Companies, as 
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well as that belonging to the State, has been controlled 
by an agreement which, under the authority of the 
Minister of Public Works, provides for : 

1. A common organisation destined to assure the 
co-ordination of the working of the different systems 
in harmony with the general interests of the nation. 

2. A co-operation of the railways between each other 
and with the State, and a financial solidarity for the 
entire system, which will assure the establishment and 
maintenance of an equilibrium between the charges of 
all kinds and the traffic receipts. | 

The common organisation is achieved by means of 
a Superior Railway Council, composed of members 
nominated by the Minister of Public Works, repre- 
sentatives of the management and of the staff of the 
principal railways, and thirty representatives of the 
general interests of the nation. ‘They have considerable 
powers, and are competent to advise on such questions 
as the following :— 

The construction of new lines. 

Modifications in the financial régime of the railways. 

Programmes of supplementary works. 

Programmes of electrification. 

Programmes for interchange of traffic between the 
different railway systems ; also with ports, water- 
ways, and other means of communication. 

Programmes for the purchase and standardisation 
of rolling stock. 

General rules for railway working, and uniform 
methods of signalling. 

Fares and rates, and their uniform application over 
the whole country ; also their revision as may be 
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necessary, in order to ensure that the total receipts 
of the French railways cover the total outgoings. 

Conventions with foreign railways respecting the 

provision of new railway junctions, traffic pooling 
agreements, and the periodical modifications of 
the time-tables for international trains. 

Authority to issue debenture stock. 

The working conditions and remuneration of the 

staff, also their retiring pensions. 

The financial solidarity of the railways of France is 
established by means of a common fund. Any railway 
which has a surplus after paying working expenses and 
financial charges, including statutory dividend, will pay 
in such surplus to the common fund, while any railway 
which shows a deficiency will be entitled to draw the 
amount of such deficiency from the common fund. 

If the total revenues are inadequate to pay the total 
expenditure in any given year, and the common fund 
has not a sufficient balance in hand to make up the 
deficiency, the Treasury will advance, by way of loan, 
the sums required. 

All deficiencies in the common fund from 1921 to 
1926 inclusive were to be raised by the sale of annuities. 
The State was to bear the cost of these annuities until 
the end of 1926, after which they became a charge 
on the common fund of the combined railway system. 

At any time between the 1st January, 1921, and the 
31st December, 1926, the Minister of Public Works 
may, on the advice of the Superior Railway Council, 
revise fares and rates within such limits as may be 
indicated by the general economic condition of the 
country. At the end of this transition period, fares 
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and rates shall be automatically revised, if necessary, 
and subsequently every five years until the expiry of 
the concessions, and shall be so calculated as to provide 
an equilibrium between receipts and outgoings for the 
combined railway system taken as a whole, and to make 
good any deficiency or to absorb any surplus accruing 
from the preceding quinquennial period. The word 
“ outgoings ” in the preceding sentence refers to work- 
ing expenditure as ordinarily understood ; interest on 
debenture stock, by which the greater part of the 
capital for the French railways has been raised ; 
guaranteed dividend; amortisation; potential bonus 
to both companies and staff, as explained later; and 
the charges for annuities by which the serious deficiencies 
for the period 1921-1926 have been, are being, and will 
be met. 

Having guaranteed dividends and debenture interest 
to railway shareholders, and having, on paper at least, 
provided that any sums advanced by the State in one 
quinquennial period should be recovered from the 
railway users in the next, it became necessary to offer 
to the railway companies and their staffs incentives to 
enterprising and economical management. This has 
been done by means of bonuses. 

The bonus for each individual railway company will 
consist of two independent elements : 

A. Three per cent. on any increase in annual gross 
receipts as compared with those for 1920, due regard 
being paid to any variation in fares and rates. When 
this increase amounts to 20 per cent. on the 1920 
figures, the rate on any further increase will be 2 per 
cent. 
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B. One per cent. of the diminution, as compared 
with the returns for 1920, of the deficiency of receipts 
to expenses, or if the receipts are in excess of the 
expenses, I per cent. of the excess and of the deficiency 
of 1920 combined. 

When equilibrium between the receipts and ex- 
penses of the entire French railway system is realised, 
the bonus ‘‘B,”’ in the preceding paragraph, will be 
increased by 1 per cent. of the diminution of the 
deficiency or the increase of the surplus, as compared 
with the accounting period in which equilibrium 1s 
attained. 

The companies are not to receive the full bonus on 
economies of working which may be caused by the fall 
of coal and coke from the famine prices prevailing in 
1920, and it is provided that half the difference in the 
cost of combustibles consumed in that year as com- 
pared with 1921 shall be deducted from the 1920 
figures when used as a basis of comparison with the 
years 1921 to 1926 inclusive, and the whole difference 
between 1920 and 1921 shall be deducted from the 
1920 figures when used as a basis of comparison for 
1927 and following years. 

If the accounts of a particular railway company show 
in any subsequent year a greater deficiency than in 
1920, the company will be penalised to the extent of 
2 per cent. on the difference. This penalty will be 
deducted from any bonus due in future periods for 
improved working results under Clause B. 

If the bonus earned by a railway under Clauses A 
and B exceeds one-third of a figure separately fixed for 
each railway, ranging from 6,250,000 francs for the 
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Midi, to 20,000,000 francs for the Nord, and 28,000,000 
francs for the P.L.M., half of the surplus shall be paid 
into the common fund, and if, after this payment has 
been made, the bonus still exceeds two-thirds of the 
named figure, two-thirds of the surplus shall be paid into 
the common fund. 

The staff of each railway are to receive a bonus under 
Clauses A and B calculated as for the company, but 
without deduction for payments to the common fund 
as noted in the preceding paragraph. The bonus 
receivable by the staff will be doubled until it amounts 
to 1°5 per cent. of the gross receipts for the accounting 
period in question, after which it will increase by the 
addition of sums due under Clauses A and B without 
doubling. 

When a railway company has earned a bonus under 
the terms of the foregoing arrangements, it will be 
entitled to pay a dividend in excess of the statutory 
rate, and the staff will also receive a gratuity. The 
State will defray the cost of the annuities issued to cover 
losses in the period 1921-1926, which may comprise 
certain payments on account of the bonus, to the end of 
that period, but from 1927 and onwards these rewards 
will have to be provided by the traffic, and will not be 
contributed by the State or other sources outside the 
railways. 

The debts due to the State by certain railway com- 
panies for sums advanced by way of guarantee of interest 
will cease to bear interest from the 31st December, 
1914, and will only be payable at the end of the con- 
cession, or in the case of purchase by the State. 

The State will defray all debts contracted by 
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the companies for the payment of guaranteed divi- 
dends and debenture interest from 1914 to 1920 
inclusive. 

When the systems of two of the contracting railways 
have been acquired by the State, either by purchase or 
through the expiry of the concession, any one of the 
remaining companies will have the right, after a delay 
of three months, to claim and obtain purchase by the 
State, and such purchase shall take place on the first 
day of January next succeeding. 

The State undertakes to restore all the French 
railways which have been affected by hostilities to the 
condition in which they were at the outbreak of war, 
and the railway companies and the administration of the 
State railway system agree to refrain from instituting 
legal proceedings to enforce any claim which might 
have been made in this respect. 

The expenses of the Superior Railway Council are 
to be defrayed by the railways in the ratio of their 
respective gross receipts for the preceding year. 


Unfortunately the efforts to restore the financial 
equilibrium of the French railways were retarded by 
currency troubles. From 1921 until 1926 the franc 
continued to fall, thus increasing the cost of all com- 
bustibles and materials used, also the cost of living and 
consequently the wages expenditure of the railway 
companies. Increases in fares and rates were made 
from time to time, but the falling franc remained master 
of the situation, and the total earnings of the six great 
railways of France failed to equal the total outgoings, 
as will be seen by the following figures :— 
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Year. 


Deficiency. 
1921 1,390,000,000 francs. 
1922 : aoe 30 764,000,000 ,, 
1923 ne" Soh ee ses wee 686,000,000 __—7z, 
1924 aie oes ses ae ssi 303,000,000, 
1925 one ae ae cee ae 350,000,000, 


These deficiencies were met by the sale of deben- 
tures, bonds, and annuities at home and abroad, often 
at a discount and bearing a relatively high rate of 
interest. 

In 1926, business was artificially stimulated by 
inflation, and the passenger fares and goods rates were 
increased no less than three times, the year’s working 
resulting in a surplus of 581,000,000 francs for the 
combined railways, including those of Alsace and 
Lorraine. 

The practical stabilisation of the franc at the com- 
mencement of 1927, however, caused a reaction in 
business activity, and the movement of traffic on the 
railways became below normal; in consequence, the 
seven great railways of France, after paying statutory 
dividends and bonuses to shareholders and staff, report 
a net deficiency of 253 million francs on the year’s 
working, made up as follows :— 


FRENCH RAILWAY RESULTS, 1927. 


Railway. Million francs. 
Nord ae ae ae aN .. 20.1 surplus 
Est <e bd ee a LOZ ONmEr ss 
Paris-Lyon 80 aL a eee el “A 
Alsace-Lorraine .. A Fi Ao RRR 
Orleans .. Sc Be 5 .. 83.7 deficiency 
Midi oe ac se te ee 7 3.0 _ 
Etat aA er ae Se Se ey ie: ac 

otal ri .. 253.0 net deficiency 


—=— in working. 
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To this figure must be added the charges amounting 
to 500 million francs for the annuities issued to cover 
the railway losses from 1921 to 1925, defrayed to the 
end of 1926 by the French Government, but which 
became payable by the French railways from the ist 
January, 1927, and which bring the total deficiency for 
the year to approximately 750 million francs. 

A well-informed writer in the Revue Générale des 
Chemins de Fer for August, 1928, states that the traffic 
returns for the early months of 1928 show an improve- 
ment, and that goods rates were again increased on the 
1st March ; he further suggests that the heavy burden 
of Government taxation which has risen from 166 
million francs in 1913 to 2,026 millions in 1927,* and 
discriminates rather unfairly between the railways and 
other forms of transport, should be reduced, in order 
that additional trafic may be attracted to the railways. 


The salient features of the present régime are the 
establishment of a Central Board of Control, and the 
pooling of receipts and expenditure ; in other words, 
the unification of the French railway system. 

The proposals for a direct railway between London 
and Paris will be welcomed in Paris from a political 
point of view, and from a financial aspect they will be 
judged as to their effect, not on a single French railway, 
but with regard to the French railway system as a whole. 
This marks a very important advance on the pre-war 
position. 

It is not thought that there can be two opinions as 


* Five Companies only; Etat and Alsace-Lorraine figures not yet 
available. 
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to the advantages which the construction of the pro- 
posed railway would confer on the railways of France. 
All the railways radiating south, east, and west from 
Paris would benefit, in greater or less degree, from the 
establishment of unbroken rail communication with 
London in less than three hours, particularly those 
serving the south of France, Italy, Switzerland, and 
South Germany. To the three last-named countries 
there are alternative routes competing with the French 
companies for the traffic to and from England, and the 
striking acceleration proposed between London and 
Paris would, it is thought, place the French railway 
companies in a very favourable position for securing 
practically the whole of this traffic, which, with the 
Riviera business, might be expected to show considerable 
expansion. 

On the other hand, the Nord section of the amalga- 
mated railways would lose the English traffic between 
Calais, Boulogne, and Paris, and some portion of the 
local traffic between Boulogne, Amiens, and Paris. 
The important traffic between Paris, Belgium, and Nor- 
thern Europe would be unaffected, as would also the 
services between Paris and the manufacturing and mining 
districts grouped round Lille, Roubaix, and Lens, and 
the other industrial centres in the north-east of France. 

The shortening of the transit time between London 
and Boulogne, with the added advantage of the Channel 
Tunnel, will, however, unquestionably lead to a 
considerable increase of traffic between England and 
Northern France, Belgium, Holland, Cologne, and 
Central and Northern Europe via Boulogne. The haul 
from Boulogne (Tintelleries) to the Belgian frontier at 
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Baisieux, via Calais and Lille, is 160 kilometres, and is 
therefore rather more than half the distance between 
either Calais or Boulogne and Paris, which are respec- 
tively 298 and 254 kilometres. The important manu- 
facturing town of Tourcoing is the same distance from 
Boulogne as Baisieux ; Roubaix is three kilometres less. 
If the proposed Railway can hand over at Boulogne to 
the Nord Railway two additional passengers for con- 
veyance to the Belgian frontier, Tourcoing or Roubaix, 
for every one that is lost between Paris and Boulogne 
or Calais en route to or from England, and further, such 
extra traffic to other points on the Nord system as shall 
compensate for the loss of the traffic conveyed locally 
between Paris, Amiens, and Boulogne, with a propor- 
tionate increase in goods traffic, the Nord Railway will 
not be a loser through the construction of the proposed 
Railway between London and Paris. 

With the exception of Boulogne and two or three 
small stations to the north of it, the London and Paris 
Railway will not have access to the sea coast of France. 
A considerable expansion of tourist traffic from England 
to French and Belgian Channel resorts may be antici- 
pated as a result of the construction of the Channel 
Tunnel, and a very large portion of this traffic will be 
handled on some part of its journey by the Nord 
Company, whose littoral, 100 miles in length, extends 
from the Belgian frontier, 20 kilometres north-east of 
Dunkirk, to Tréport in Normandy. From Boulogne 
to Tréport, via Abbeville, the distance is 116 kilometres. 
This Company also operates between Amiens and 
Rouen (117 kilometres), conveying traffic for Havre, 
Deauville, and north-western France generally. 
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There is good ground for the belief that following 
the opening of the proposed Railway with the Channel 
Tunnel, Boulogne will become a railway centre second 
in importance to none on the Continent. It lies in the 
very heart of the territory served by the Nord Railway, 
and, as will be seen in the following table, the nearest 
point of contact with other railway systems is over 
100 kilometres distant. 


Kilometres. 
Distances from Boulogne to : 
Belgian frontier at Ghyvelde (for Ostend) _.... 101 
Etat Railway at Tréport (for Dieppe, Fécamp ond 
Etretat) .. are 116 


Belgian gates at Baicnx (for Brace arwerp. 
Amsterdam, Liége, Cologne, Berlin, Warsaw, and 


Riga ; also Bremen, Hamburg and Copenhagen) . 160 
Est Railway at Hirson, via Lille (for Loxemburg, 

Nancy, Metz, Strasburg and Basle) . noon BI7fe: 
Est Railway at Laon, via Amiens (for Rivcianey ez OT 
(From Amiens to Laon the distance is 108 Ricmercs). 
Amiens to Rouen (for North-Western France) nee 6G 


In view of the anticipated five-fold increase of 
traffic resulting from the construction of the proposed 
Railway, which will bring Boulogne within 85 minutes 
of London; the substitution of Boulogne for Calais 
for English traffic to and from Belgium and beyond, 
which will give an additional haul of 40 kilometres per 
passenger to the Nord Railway ; and the substantial 
distances which have to be traversed on the Nord 
Railway for traffic on all the through routes, there would 
appear to be every reason to anticipate not only no 
falling off in the net earnings of the Nord Company, 
but an actual and positive gain ; and, indeed, it is more 
than probable that this company, in spite of the loss of 
the English traffic, will derive a greater benefit from the 
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opening of the London and Paris Railway than any other 
railway in France. 

The concession to the Nord Railway is due to expire 
on the 31st December, 1950. Articles 59 and 60 of the 
Company’s Act granting the concession expressly pro- 
vide that the Nord Company is debarred from raising 
any objection or claiming any compensation in the 
event of the construction of another railway in the same 
district being subsequently authorised by the French 
Government.* The terms of reference to the Railway 
Commission of 1917 definitely opposed a solution of 
the railway problems by prolonging the concessions. 

On the other hand, the concession to the Nord 
Company under present arrangements, will be the first 
to expire. The concession to the Est Railway has been 
extended to terminate on the 26th November, 1954 ; 
those of the Ouest (in liquidation) and Orleans on the 
31st December, 1956; the P.L.M. 31st December, 1958, 
and the Midi 31st December, 1960. 

The Nord Company has served the public well, 
none better. Their management has been good and 
economical; their locomotive work excellent ; their 
main line rolling stock beyond reproach. Would it not 

* The text of Articles 59 and 60 in the Cahier des Charges of the 
Ghemin de Fer du Nord, is as follows :— 

Article 59.—Dans le cas ot le gouvernement ordonnerait ou 
autoriserait la construction de routes . . . de chemins de fer ou de 
canaux qui traverseraient les lignes objet de la présente concession, la 
compagnie ne pourra s’opposer 4 ces travaux ; mais toutes les disposi- 
tions nécessaires seront prises pour qu’il n’en résulte aucun obstacle A 
la construction ou au service du chemin de fer, ni aucuns frais pour la 
compagnie. 

Article 60.—Toute exécution ou autorisation ultérieure de route, de 
canal, de chemin de fer, de travaux de navigation dans la contrée ot 
sont situés les chemins de fer objet de la présente concession, ou dans 


toute autre contrée voisine ou éloignée, ne pourra donner ouverture 4 
aucune demande d’indemnité de la part de la compagnie. 
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be a graceful act, in recognition of their past and present 
services, coincidently with the passing of the Bill for 
the construction of the proposed Railway, to decree an 
extension of the concession to the Nord Railway Com- 
pany to the date already assigned to the Midi Company, 
z.e. the 31st December, 1960? This would go far to 
remove any feeling which might be caused by the 
construction of the proposed Railway, and would enable 
the two companies to co-operate harmoniously, from 
the start, in the measures to be taken at Boulogne for 
the transfer of traffic. 

France has much to gain and little, if anything, to 
lose by improved communication with London, and 
when the proposals contained in this little book have 
been explained and considered, it is thought that they 
will receive the unqualified approval of the French 
people. 


THE CHANNEL TUNNEL AND 
NATIONAL DEFENCE—I. 


M. Sartiaux, in the Revue Politique and Parlementaire 
of the roth July, 1906, has given an interesting account, 
published in English by the Channel Tunnel Company, 
of the various schemes which have been proposed for 
providing unbroken connection between England and 
France. 

In 1802, a mining engineer named Mathieu placed 
before Napoleon plans for making a tunnel between the 
two countries for the conveyance of mails. The 
Varne bank, situated in mid-Channel, was to be raised 
and transformed into an island, and tunnels, each some 
10 miles in length, lit by oil lamps and ventilated by 
shafts, extending above the surface of the sea, were to be 
driven to England and France respectively. 

Several schemes for bridging the Channel have 
been put forward at different times ; Thomé de Gamond 
suggested in 1834 a submerged tube, subsequently a 
system of ferries, and finally a Channel Tunnel as now 
advocated. 

With his investigations from 1833 to 1867 the 
proposal of a Channel ‘Tunnel assumed a practical shape. 
By taking a large number of soundings in the Channel, 
he was the first to establish the continuity of the 
geological beds across the sea bottom, and his researches 
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have been amply confirmed by those of MM. Potier 
and de Lapparent. 

The lower chalk is 87 feet thick at Dover, and at 
Sangatte has a depth of 80 feet. The outcrops of the 
geological strata in the bed of the Channel are so placed 
as to indicate with practical certainty that the belt of 
lower chalk is uniform in thickness from one side of 
the Channel to the other. This chalk is compara- 
tively soft, being readily cut by a boring machine ; 
it is impervious to water, and free from flints; and it 
would be impossible to find a medium more admirably 
adapted in all respects for the construction of a sub- 
marine tunnel. 

In 1869, an Anglo-French Committee was selected 
by Thomé de Gamond, with the object of forming a 
company on each side of the Channel to carry out 
experimental work, and ultimately to build the Channel 
Tunnel. In March, 1870, the French section of the 
committee applied to the French Government for a 
perpetual sole concession for the construction of a 
submarine railway from the French coast to mid-Chan- 
nel, and the French Ambassador in London was 
instructed by his Government to ascertain the views 
of the British Government on the project, and whether 
they would be prepared to enter into a diplomatic 
agreement for the construction and working of the line. 
The British Government had not fully considered the 
proposal, and replied that they were not prepared to give 
a definite answer. 

War was declared between France and Germany in 
July, 1870, and the third Republic was proclaimed on 
the 4th September, 1870. In June, 1872, in reply to 
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an inquiry from the French Government, Lord Gran- 
ville, then Foreign Secretary, instructed Lord Lyons, 
the British Ambassador in Paris, to say that Her 
Majesty’s Government saw no objection in principle to 
the proposed tunnel between France and England. 

The French Channel Tunnel Committee having 
again applied to their Government for a concession, 
their proposals were examined by a special committee 
appointed by the Minister of Public Works, which in 
July, 1874, reported favourably on the scheme, but 
declined to sanction its construction until an international 
agreement with England had been reached, and prelimi- 
nary works costing not less than two million francs, 
had been carried out to demonstrate by trial borings and 
soundings in the Channel that the construction could 
be entered upon with a large probability of success. 

In October, 1874, the French Ambassador in London 
forwarded to Her Majesty’s Secretary of State for 
Foreign Affairs a copy of the Report of this Committee, 
and requested to be informed as to the views of Her 
Majesty’s Government, and on the 24th December, 
1874, Lord Derby wrote to the British Ambassador in 
Paris stating that “ of the utility of the work in question, 
if successfully carried out, there appears no room for 
any doubt; and Her Majesty’s Government would 
therefore offer no opposition to it, provided they are 
not asked for any gift, loan or guarantee in connection 
therewith.”’ Power would be reserved to erect and 
maintain such military works at the British end of the 
tunnel as might be deemed expedient, and the Ambas- 
sador was authorised to communicate to the French 
Government that Her Majesty’s Government approved 
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of the course which they proposed to follow with 
regard to the undertaking. 

January, 1875, saw a Bill for the French section of 
the Tunnel laid on the table of the National Assembly, 
and a copy of the English Channel Tunnel Bill to be 
submitted in the approaching session of Parliament was 
sent by the Board of Trade to the Foreign Office. 

Two months later an international commission con- 
sisting of six members, three of whom were nominated 
by the British and three by the French Governments 
was appointed ; it sat both in Paris and in London in 
the early months of 1876. The commission agreed that 
the jurisdiction of each country should cease at a point 
in the Tunnel midway between low-water mark on the 
English coast and low-water mark on the French coast. 
They also suggested that a permanent international 
commission of six members should be set up to advise 
the two Governments on all questions respecting the 
construction, maintenance, and working of the submarine 
railway, and for the drafting of supplementary con- 
ventions making provision for the apprehension and 
trial of alleged criminals for offences committed in the 
tunnel or in trains which had passed through it ; also in 
connection with customs, police, and postal arrange- 
ments. A very practical and useful report. 

Both the English and the French Channel Tunnel 
Bills were passed by their respective Houses of Parlia- 
ment, and they received the assent of Her Majesty and 
of President MacMahon respectively on the same date, 
2nd August, 1875. 

“It may here be noted that the character of these 
two Bills was very different, the French measure being 
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a definite concession to the promoters of the proposed 
railway of the right to make a tunnel towards England, 
provided certain conditions were fulfilled, while the 
English Act of Parliament merely authorised the 
Channel Tunnel Company to acquire lands at St. 
Margaret’s Bay and carry out such operations as might 
be authorised by the Board of Trade, under the proviso 
that the company should be bound by any conditions 
which might afterwards be imposed, in consequence of 
negotiations with the French Government.” * 

“ At the close of 1876 the position of affairs was as 
follows :— 

“The French promoters had obtained their con- 
cession subject to certain conditions, and the capital 
required was to be found, half by the Chemin de Fer 
du Nord, one-quarter by the French House of 
Rothschild, and one-quarter by the promoters and their 
friends. 

“The English company had no concession, but 
merely the right to experiment at St. Margaret’s Bay, 
and they only issued a prospectus proposing to raise a 
capital of £80,000 for experiments. This capital, 
partly owing to commercial depression, was never 
raised, and the year allowed for the purchase of land 
having expired in August, 1876, the work remained in 
abeyance. This being so, the works of the French 
promoters (who held their concession partly on con- 
dition of agreeing with an English company working 
to meet them) appear to have languished also, and 
consequently no efforts were made to proceed with 


* Precis of Papers relating to the Proposed Channel Tunnel, 1882 
(C. 3358), p. xii. 
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the ratification of the treaty, of which the report of the 
Joint Commission was to have been the basis.” * 

“On the 2nd August, 1880, five years had elapsed 
since the concession had been granted to the French 
promoters, and according to the terms of that concession 
they ought within this period to have come to terms 
with a duly authorised English company having powers 
to tunnel to meet them. This not having been done, 
the promoters were obliged to apply for the extension 
of three years provided for in the concession. 

““In the same year, however, a second English 
scheme was brought forward in addition to the original 
** Channel Tunnel Company.” This new scheme was 
initiated by the Chairman of the South Eastern Railway 
Company, and was based on the results of experiments 
made by sinking shafts on the property of that railway 
company in the neighbourhood of Dover. 

“These experiments, for which the South Eastern 
Railway Company, under the sanction of the South 
Eastern Railway Act, 1874, had authorised the directors 
to spend £20,000, were continued during 1881, and at 
an extraordinary General Meeting of the South Eastern 
Railway Company held in London on the 16th June, 
1881, the Chairman announced to the shareholders 
that the results showed the possibility of completing 
an experimental tunnel 7 feet in diameter within a 
period of five years, work being carried on simultaneously 
from both ends. The Chairman, moreover, referred 
to an understanding between himself and M. Raoul 
Duval, one of the original French promoters to whom 
the concession of 1876 had been granted. 


* Ibid., p. xiii. 
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“The report of this meeting having attracted the 
attention of the Board of Trade, a suggestion was made 
to the War Office that a Departmental Committee 
should be appointed,” and “‘in consequence of this 
suggestion, a committee consisting of Mr. Farrer as 
Chairman, Vice-Admiral Phillimore, and Colonel J. H. 
Smith, R.E., was appointed on the 22nd August, 
TS0 It aa 

This committee held its first meeting on the 
13th December, 1881, at which Sir Edward Watkin 
gave evidence. At a subsequent meeting on the 
25th January, 1882, Lieut.-General Sir Garnet Wolseley, 
Adjutant-General, afterwards Lord Wolseley, who had 
previously submitted to the committee a lengthy and 
strongly worded memorandum opposing the Channel 
Tunnel on grounds of national safety, gave evidence. 
Sir Garnet Wolseley urged in his memorandum that no 
question of such vital importance had ever before come 
up for the serious consideration of the nation; that 
there would always be a risk of our end of the tunnel 
being seized by surprise or by means of treachery, and 
that its seizure would place England at the mercy of the 
invader. 

On the 31st January, 1882, Admiral Sir 5. Cooper 
Key wrote to the First Lord stating his opinion that the 
construction of the tunnel would render necessary a 
vast expenditure in fortifications, or the maintenance of 
a standing army as large as those of other European 
nations. Mechanical contrivances for destroying the 
tunnel could not be relied on. If an enemy obtained 
possession of the tunnel, a large army might march on 

* Ibid., p. xiii. 


CHANNEL TUNNEL AND NATIONAL DEFENCE—I_ 121 


London, while our Navy looked on as a helpless 
spectator. 

On the other hand, Lieut.-General Sir John Adye, 
Surveyor-General of Ordnance, who also submitted a 
memorandum and gave evidence, did not consider 
that any great danger to this country would be created 
by the completion of asubmarine tunnel. It could not 
be used for the purpose of invasion unless our end of it 
had been previously seized, and the end could only be 
seized after a successful invasion by sea. The defence 
of the tunnel exit was a simple operation, and the 
destruction of the tunnel, should such be necessary, 
would be equally so. The precautions to be taken 
were of a comparatively simple character. 

On the 1st February, 1882, the chairman of the 
committee informed the President of the Board of 
Trade that during the course of the inquiry the effect 
which the construction of the tunnel might have on the 
military defences of the country had assumed great 
importance, and that the committee desired to have 
further military and naval evidence on this subject. 

In reply the President of the Board of Trade, Mr. 
Joseph Chamberlain, informed the chairman that as 
the final decision of a question of such magnitude would 
not rest with a departmental committee, but must 
be settled on the responsibility of the Government 
as a whole, he would not prolong the labours of the 
committee. 

A scientific committee was appointed by the War 
Office on the 23rd February, 1882, under the Presi- 
dency of Major-General Sir A. Alison, Bart., to make a 
full and exhaustive investigation into the practicability 
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of closing effectually a submarine railway tunnel pro- 
posed to be constructed between France and England. 
They were to satisfy themselves whether it was certain, 
beyond any reasonable doubt, that in the event of war 
or apprehended war, the tunnel and its proposed 
approaches under existing Acts and the Bills then before 
Parliament, could be rendered absolutely useless to an 
enemy, and in what manner 

The committee completed its inquiries on the 12th 
May, 1882, and the following are the main features of 
their report :— 

‘“‘’'The committee considered that it was undesirable 
that the end of the tunnel should be within effective 
range from the sea, and decided that the following 
conditions were essential :— 

“‘ The tunnel should not emerge within any fortifica- 
tion, but its exit as well as the air-shafts, pumping 
apparatus, etc., should be commanded by the advanced 
works of a fortress. 

“There should be means of closing the tunnel by a 
portcullis, and also of discharging irrespirable gases 
into it. 

“There should be power to produce a temporary 
demolition of the land portion of the tunnel by means 
of mining. 

“There should be arrangements for a temporary 
flooding of the tunnel by sluices. 

“There should be arrangements for a permanent 
flooding of the tunnel by mines which should open a 
direct communication between the bottom of the sea 
and the tunnel. 

“The mechanical arrangements required for tem- 
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porary obstruction should be capable of being con- 
trolled from different points within the fortifications, 
and the means of destroying the tunnel should be 
controlled, not only from the central work of the 
fortress, but also from one or more distant places, which 
should have distinct communications with the mines, 
independent of those of the fortress.”’ * 

The committee also considered the two schemes for 
which Bills were before Parliament, and decided that 
neither of these schemes, as defined by the Bills, could 
be recommended, inasmuch as they failed to fulfil some 
of the conditions mentioned above as being essential. 

The War Office Committee concluded by recording 
their opinion that “it would be presumptuous to 
place absolute reliance upon even the most compre- 
hensive and complete arrangements which can be 
devised, with a view to rendering the tunnel absolutely 
useless to an enemy in every imaginable contingency.” 

On the report being referred by the Secretary of 
State for opinion : 

“The Surveyor-General of Ordnance considered 
that the recommendations of the committee would 
amply suffice for the object in view. Nothing in his 
opinion was more obvious than the facility with which 
the tunnel could be denied to an enemy, by means which 
no vigilance on his part could prevent or remove. 

“The Adjutant-General was strengthened in his 
conviction that the hour when the tunnel was sanctioned, 
would be for England a most disastrous one. He 
maintained that there could be no stronger proof of the 
existence of danger than the magnitude and elaborate 


SS bid-spa xv. 
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nature of the precautions recommended by the 
committee. 

“The Channel Tunnel proprietors might be of any 
and every nationality. 

“In spite of all precautions, our end of the tunnel 
could be seized by a coup de main. The improved 
harbours on the French coast would make a surprise 
more easy. Surprises during peace were the common- 
places of history. The tunnel would directly tempt 
invasion—it would be the most unassailable line of 
communications in the world. The successful invasion 
of England, with the tunnel in the enemy’s hands, would 
be the permanent ruin of the country. Neither 
fortifications nor scientific agencies could be trusted. 
It would be impossible to keep secret any military 
arrangements connected with mines. The danger of 
the tunnel would be an increasing one, because as time 
went on, the precautions would be neglected. Why 
should a new danger be added to those which already 
existed ? From the commercial aspect, even a shadow 
of danger would be a heavy balance against any possible 
advantages. The liability to panics would be 
increased.” * 

In April, 1883, a strong committee consisting of 
five members of the House of Lords and five from the 
House of Commons was appointed to inquire whether 
it was expedient that Parliamentary sanction should 
be given to a submarine communication between 
England and France, and to consider whether any or 
what conditions should be imposed by Parliament in 
the event of such communication being sanctioned. 

* Ibid., p. xvi. 
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The members of the committee were as follows :— 
Marquess of Lansdowne Mr. Baxter. 


(Chairman). Mr. Harcourt. 
Earl of Devon. Sir Massey Lopes. 
Earl of Camperdown. Sir Henry Hussey Vivian. 
Lord Aberdare. Mr. Arthur Peel. 


Lord Shute. 


The committee met sixteen times, and examined 
forty witnesses, who were asked 5,396 questions, dealing 
with the subject from every conceivable point of view. 

On the toth July, 1883, the chairman submitted 
to the committee a draft report which he had prepared 
recommending that the proposals for a submarine 
tunnel should not be prohibited on merely political 
grounds, but should be allowed to proceed subject to 
the ordinary Parliamentary examination by committees. 

On the motion that the draft report proposed by the 
chairman be read a second time, the committee divided, 
the figures being four in favour and six against. Draft 
reports were also submitted by the six dissentient 
members of the committee, but none of these was 
found to command a majority of the committee, which 
briefly recorded the fact that a majority was of opinion 
that Parliamentary sanction should not be given to a 
submarine communication between England and France. 

With two exceptions, the draft reports prepared 
by members of the committee were printed with the 
agreed report, and the very able and exhaustive report 
prepared by the chairman, is here given in full. 


CHANNEL TUNNEL: DRAFT REPORT 
BY MARQUESS OF LANSDOWNE 


1. In conducting the inquiry with which we have 
been entrusted, we have endeavoured to limit ourselves 
as strictly as possible to an investigation of the points 
which we believed to be specially referred to us. 

2. We were directed to ascertain whether it was 
expedient that Parliamentary sanction should be given 
to a submarine communication between England and 
France, and to consider whether any or what con- 
ditions should be imposed by Parliament in the event 
of such communication being sanctioned. We do not 
believe that it is incumbent upon us to report upon the 
possibility of establishing such a communication, or 
upon the special engineering features of the schemes 
which have been lately before the public. 

3. The possibility of forming a tunnel under the 
Channel, as to which we gather that some diversity of 
opinion exists, could, we apprehend, only be demon- 
strated by the successful execution of the work. 

4. There is, in our opinion, no reason for believing 
that the interests of this country would suffer if the 
attempt were to be made and were to result in a 
failure. 

5. The inquiry, limited by these considerations, 
appears to resolve itself into two parts : 
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(1) A consideration of the commercial or other 
advantages which might accrue to this country 
from the establishment of submarine communica- 
tion between it and the Continent of Europe. 

(2) An examination of the effects which the 
existence of such communication might have upon 
the national security. 

We have taken a considerable amount of evidence 
bearing upon both points. 

6. With regard to the former, we have endeavoured 
to ascertain the extent to which a tunnel of the character 
contemplated by the projectors of the schemes now 
before the public, would suffice to carry a largely 
increased amount of traffic. 

7. There is a wide discrepancy between the estimates 
which have been laid before us, as to the carrying 
capacity of a double line of railway, worked under the 
peculiar circumstances which will be present in the case 
of a tunnel line. 

8. It is obvious that in the case of a railway running 
through a tunnel of the altogether unprecedented length 
of 30 miles, approached by steep gradients at each end, 
and used for the purpose of carrying goods as well as 
passengers, extraordinary precautions would be called 
for; with regard to these we may express our belief 
that if the formation of the tunnel were to be permitted, 
it would be found necessary to insist— 

(1) That under no circumstances should more 
than one train be allowed to run at the same time 
over the 5-mile gradients at each end of the tunnel.* 


* yin 80 in the original scheme, now 1 in 165 and 1 in 185 respectively, 
with longer approaches. 
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(2) That there should be a sufficient number of 
block stations in the tunnel, and that two of these 
should always be blocked at once. 

(3) That a certain number of hours out of the 
twenty-four should be set apart for the examination 
and repair of the permanent way, and for the relief 
of the block signallers. 

The details of these arrangements would, we appre- 
hend, be fully considered and regulated from time to 
time by the Board of Trade. 

g. The adoption of these precautions would neces- 
sarily impose certain limits upon the traffic which might 
be run through the tunnel. That traffic might possibly 
be still further limited in the event of the ventilation of 
the tunnel presenting difficulties greater than those 
foreseen by the promoters. This subject, which we 
regard as inseparably connected with that of the struc- 
ture of the work, is not one which we consider to have 
been referred to us. We have, however, during the 
course of our inquiries, received several suggestions 
upon the question, and we may without impropriety 
point out that the Channel Tunnel will, if made, 
differ from all existing tunnels in its great length and 
in the fact that throughout the whole of that length 
it must necessarily be below the level of both its 
entrances. 

10. Under these circumstances it can scarcely be 
doubted that the problem of providing adequate ventila- 
tion for the tunnel will be one of some difficulty, and 
we do not doubt that before parliamentary sanction is 
given to any scheme for submarine communication with 
France, special attention will be given to the appliances 
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for securing persons using it from risk or inconvenience 
caused by a defective supply of respirable air.* 

11. The importance of the subject will be obvious 
when it is remembered, that if the tunnel were con- 
structed, and the expectations of the promoters in 
regard to its ventilation disappointed, this country might 
find itself in the position of having incurred certain 
liabilities (of which we shall speak presently) in con- 
nection with the defences of the exit of the tunnel, 
without obtaining any, or at any rate, adequate com- 
pensation in increased facilities of communication. 

12. The observations which we have to make upon 
the probable carrying capacity of the Channel Tunnel 
are founded upon the assumption that those difficulties 
which attend its effectual ventilation have been success- 
fully overcome. 

13. Subject to this reservation, the evidence leads 
us to believe that a tunnel of the character of those now 
projected would be capable of accommodating a very 
large amount of passenger and goods traffic. 

14. Thus Mr. Grierson, general manager of the 
Great Western Railway, expresses his belief that twelve 
passenger trains per week-day and two on Sundays, and 
four goods trains per week-day, carrying 2,316,000 
passengers and 375,000 tons of goods per annum, could 
be run with safety through the tunnel. 

15. Mr. Oakley, general manager of the Great 
Northern Railway, considers that after setting apart a 

* Written in 1883 before the introduction of electric traction. Sir 
Douglas Fox and Partners in paragraph 28 of their Report (see Appendix) 
state: ‘‘ There will be no difficulty whatever in dealing with this (venti- 


lation of the Channel Tunnel)—it (the volume of air required) being far 
less in proportion than we have had to provide elsewhere.” 
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portion of the twenty-four hours for goods traffic, which 
would be conveyed at a slower rate, an average of four 
trains per hour might be maintained. 

16. Major-General Hutchinson, one of the Railway 
Inspectors of the Board of Trade, states his opinion that : 

‘““ Assuming the speed of passenger trains and goods 
trains to be respectively 40 and 20 miles an hour, and 
the number of each to be about equal. 

“Assuming also that there are two block stations 
in the tunnel, and that two sections are blocked to 
increase the safety of working, twenty-five trains might 
be passed through in each direction; or, making the 
necessary reduction for repairs and renewals of perma- 
nent way, about 1,500,000 of passengers and 400,000 
tons of goods per annum.” 

General Hutchinson adds that, ‘‘ With speeds of 
45 and 25 miles an hour for passenger and goods trains 
respectively, the number of trains, under the same 
assumption as above as regards block stations, would 
be thirty-one, capable of conveying about 1,750,000 of - 
passengers and 500,000 tons of goods respectively per 
annum.” 

17. Colonel Yolland, the senior Railway Inspector 
of the Board of Trade, would set apart six hours out of 
the twenty-four for the maintenance of the permanent 
way, but states that in his opinion the tunnel could be 
worked safely with three trains an hour, or from fifty-four 
to sixty trains in the eighteen hours.* 


* This doubles the figures quoted by General Hutchinson. The 
divergence of view respecting the traffic capacity of the tunnel expressed 
by eminent authorities is doubtless due to varying estimates of the time- 
interval required between successive trains, in order to eliminate from 
the tunnel the noxious fumes given off by steam locomotives before 
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18. The above estimates are, it will be observed, 
founded upon the assumption that two lines of rails 
only are laid in the tunnel; it is, however, highly 
probable that if the traffic were to expand, a time would 
come when the number of lines would be increased, 
and the carrying capacity of the Tunnel proportionately 
augmented. 

19. We have now to consider the extent to which, 
if railway communication were established between 
England and the Continent, the traffic between them 
would be affected. 

20. We express with confidence our opinion that it 
would be reasonable to anticipate an immense develop- 
ment of the passenger traffic. 

21. The number of persons now crossing the 
Channel, is, if we bear in mind the extent to which the 
population of the British Islands is connected by business 
and other ties with that of the Continent of Europe, 
remarkably small. The total passenger traffic between 
England and the Continent during the year 1882 is 
represented by a total of 464,000 journeys between 
English ports and Calais, Boulogne, and Havre, and 
50,000 journeys between English and Belgian ports. 

22. It is to be remembered that the population of 
the British Islands is, at the present time, between 
35,000,000 and 36,000,000, and that of Belgium, 
Holland, Germany, and France about 92,000,000 ; 


the passage of a second train. Happily, this problem of ventilation— 
a very real one at the outset—will be solved by the adoption of electric 
traction. 

The higher speeds obtainable on an electrically operated line; the 
provision of automatic signalling ; and the increased carrying power of 
the broad gauge would further largely augment the traffic capacity of 
the tunnel. 


132 PROPOSED LONDON AND Paris RAILWAY 


while, if the population of the rest of Europe be added 
to that of the four countries named above, and the 
population of North America to that of the British 
Islands, a total of 100,000,000 upon one side of the 
English Channel and of 300,000,000 upon the other is 
the result. The fact that with such a population some 
250,000 persons only should cross the Channel (for 
most of the travellers either way make two journeys), 
establishes, in our opinion, the conclusion that large 
numbers of persons, who would make the journey for 
business or pleasure, are deterred from so doing by the 
inconveniences of the present passage. ‘These incon- 
veniences have, no doubt, been diminished during 
recent years, with the result of steadily increasing the 
number of passages recorded. 

23. Further improvements in the harbours, and in 
the vessels used, would, no doubt, lead to a further 
increase ; but we are of opinion that any route depending 
upon a sea passage must continue to be to some extent 
affected by those accidents of wind and weather which 
at present render the passage of the Channel so dis- 
tasteful to travellers and which account for the remark- 
able fluctuations in the number of persons crossing it 
from time to time. 

24. The shortening of the journey between England 
and the Continent, which would result from the sub- 
stitution of a train for a packet service between Dover 
and Calais, would also operate in the direction of 
increasing the number of passengers. The fact that a 
large section of the travelling public at present prefer 
the shorter and much more expensive route by way of 
Folkestone and Boulogne or Dover and Calais, to the 
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slightly longer but much cheaper journey by way of 
Newhaven and Dieppe or Southampton and Havre, 
shows that travellers are, as a rule, disposed to give the 
preference to the most convenient rather than to the 
cheapest route. 

25. [he amount of the expansion of passenger 
traffic which might be expected is obviously a matter 
of pure conjecture. We observe, however, that the 
witnesses whom we have examined, including several 
of the most eminent of our railway managers, are 
unanimous in expressing their belief that it would be 
very large indeed. 

26. Mr. Grierson, the general manager of the 
Great Western Railway, believes that the present 
number might be doubled in five or seven years, and 
trebled in fifteen. 

27. Mr. Oakley, of the Great Northern Railway, 
anticipates that it would be trebled in a year and a half, 
and would continue to expand. 

28. The majority of the witnesses representing 
commercial interests are confident that the tunnel 
would be used to an immense extent by persons 
travelling to and from the Continent on business. 

29. We take this opportunity of referring to a scheme 
submitted to us by Mr. J. Fowler, C.E., for the intro- 
duction of a system of steam ferries, by means of which 
whole trains might be conveyed across the Channel, 
and thus transferred from English to Continental 
railway lines and wice versd. 

30. It is claimed by Mr. Fowler for his scheme that 
it would secure for the public the same advantages, in 
the way of through communication, as those to be 


134 ProposeD LONDON AND Paris RAILWAY 


obtained by means of a tunnel route ; that its adoption 
presents none of the difficulties which present them- 
selves in the way of the latter ; that the expense which 
it would involve would be materially less; and that 
by depending upon it in preference to a tunnel all 
possibility of additional risk to the country would be 
avoided. 

31. We are unable to express an opinion upon these 
alleged points of superiority without a special investiga- 
tion of Mr. Fowler’s project. No proposals founded 
upon it are at present before Parliament, and we do not 
consider that the fact of such a project having been in 
Mr. Fowler’s contemplation would be of itself sufficient 
to warrant us in reporting adversely upon the proposal 
which we have been specially directed to examine. 

32. We proceed to consider the effect which the 
opening of a Channel Tunnel might be expected to 
produce upon the commerce of this country. 

33. With regard to this, we may observe that there 
is no difference of opinion as to the inconvenience of 
the existing route for goods traffic. The uncertainty 
which is inevitable in the case of communications liable 
to be affected by wind and weather, and interrupted by 
transfers from the railway truck to the steamer and the 
steamer to the railway, the delay, expense, and risk 
involved in transhipment at the ports of embarcation 
and disembarcation, and the cost of insurance, have all 
constituted serious hindrances to our international 
commerce. 

34. The trade in certain classes of goods is especially 
liable to be affected by these causes. Of these the 
principal are: 
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(1) Perishable commodities, such as fruit, fish, 
flowers, vegetables, and other food supplies. 

(2) Fragile articles, such as pottery, the lighter 
sorts of machinery and the more delicate textile 
fabrics. 

(3) All small articles requiring careful packing, 
and of which the value is great in proportion to their 
bulk. 

35. That the tunnel, if made, would be largely used 
by goods of these classes we do not doubt. 

36. We may refer in support of this anticipation to 
the evidence of Mr. Slagg, M.P.; of Mr. Oakley, who 
has furnished us with an interesting enumeration of the 
commodities for the conveyance of which the tunnel 
route would probably be used ; of Mr. Samuelson, who 
has described the adverse effects of the existing arrange- 
ments upon the trade in agricultural machinery; of 
Sir Jacob Behrens and Mr. Lee, who have given evidence 
in favour of the tunnel in the interest of our textile 
manufactures; and of Mr. Wedgewood, who has 
pointed out the large saving which would result to the 
pottery trade by the substitution of through carriage in 
trucks for conveyance partly by rail and partly by sea 
to the Continent. 

37. There is, however, a large traffic in commodities 
not falling within these descriptions, which is, neverthe- 
less, carried on under disadvantageous conditions from 
the causes to which we have referred. 

38. In modern commerce, speed and certainty are, 
as Sir Jacob Behrens has pointed out to us, not less 
essential than cheapness in cost. The following extract 
is from his evidence as to the trade in woollen fabrics :— 
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‘4513. Sir Massey Lopes: I understand that the 
whole of your evidence in favour of the tunnel really 
depends upon this: that it is a question of rates :— 
More of speed than of rates, and certainty of delivery. 
That is the greatest advantage that I expect from it. 

“4514. I understood you to say just now that unless 
you had some security that the rates were not increased 
for your manufactures as between Bradford and the 
different towns on the Continent, you would be adverse 
to the tunnel ?—I should not advocate it. 

“4515. So that really it is a question of rates -— 
Yes, but, as I have already said, it is more a question of 
speed than of rates. 

“4516. But still one of your conditions is the rates ?— 
Yes ; but it is the secondary one ; it is not the highest.” 


39. We have no reason to doubt the statement made 
to us by several witnesses to the effect that of recent 
years it has become unusual for retail traders to retain 
large stocks, and that the system of ordering commo- 
dities as they are required in small quantities at a time 
from the manufacturers is in consequence of the keen- 
ness of commercial competition becoming habitual 
among the merchants both of this and of other countries. 

40. To a trade carried on under these conditions the 
punctual and rapid execution of orders is all-important. 

41. We do not doubt that the delay and irregularity 
inseparable from carriage by sea in its present condition 
have operated to the serious disadvantage of English 
manufacturers and exporters, and that the substitution 
for the present route of one more rapid, more punctual, 
and attended by fewer risks and inconveniences, would 
occasion a large expansion of our trade, and enable it to 
compete with that of foreign countries under infinitely 
more favourable conditions. 
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42. These considerations would, we believe, affect 
not only those special branches of commerce to which we 
have referred already, but also the trade in other articles 
for which, from their cheapness and bulk, carriage by 
water would naturally present superior attractions. 

43. The extent to which this will be the case must 
remain a matter of conjecture. ‘There are many classes 
of goods for which it may fairly be presumed that 
conveyance by sea will always be preferred; where 
rapid delivery is not an object, where the goods con- 
veyed are not liable to deterioration in transit, the sea 
route, so long as it remains the cheapest, must continue 
to hold its own. 

44. It is, however, a remarkable fact, that for some 
time past, both on the Continent of Europe and in 
America, carriage by rail has competed successfully 
with carriage by water in cases where both were avail- 
able, and there is no reason why such competition 
should not take place in the present instance. 

45. The extent to which it will be possible for the 
tunnel route to compete with the different sea routes 
across the Channel, must, of course, depend upon the 
rates at which goods are conveyed over the former, and 
these charges again must form the subject of future 
adjustment. The evidence, however, which we have 
received has satisfied us that even if they were ap- 
parently higher than those for conveyance by sea, it 
would frequently be to the advantage of exporters to 
submit to them, and to avoid the delays, risks, and 
expenses incidental to a sea voyage. 

46. We may, before leaving the subject of rates, 
observe that the existence of alternative routes by sea 
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will, in all probability, have the effect of keeping within 
reasonable limits the charges made for conveyance by 
the tunnel route. 

47. We cannot doubt that the tunnel, once opened, 
would not only afford a profitable and expeditious route 
for the conveyance of a portion of the goods traffic 
already in existence, but would lead to a large expansion 
of the trade between this country and the Continent. 
We share the belief expressed, almost unanimously, by 
the witnesses who have appeared before us as repre- 
sentatives of various commercial interests in this country, 
that the introduction of improved facilities for communi- 
cation between one country, or one district, and another, 
has invariably led, if not to the creation of new trades 
and new industries, at all events to a development, often 
far in excess of the most sanguine expectations, of those 
already in existence. 

48. Such an expansion of trade has followed from 
the introduction of through rates, and from the removal 
of interruptions of gauge in this country, and from the 
establishment of improved communication and the 
overcoming of physical obstacles on the Continent of 
Europe and in America; and we have no reason to 
doubt that it would follow, if the disadvantages occa- 
sioned to international commerce by the existence of 
the English Channel were to be successfully removed. 

49. From such a development of the trade between 
the United Kingdom and the Continent, this country 
would, it can scarcely be doubted, be the greatest gainer. 

50. Owing to the peculiar position which it occupies 
in the commercial system of the world, it has, we 
believe, more to gain than any other nation by an 
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improvement of its trade routes, and more to lose by 
the neglect of any opportunities which may present 
themselves for their improvement. The greatest dis- 
tributor of commodities in the world, it is, above all 
nations, interested in the improvement of those channels 
through which that distribution is effected. This 
consideration is entitled to the greater weight, because 
the enterprise of our Continental competitors has, by 
the improvement of Continental harbours and_ the 
facilitation of through traffic in goods throughout the 
Continent, already been successful in threatening our 
supremacy in the entrepét trade. We desire to express 
our belief that not the least material of the arguments 
in favour of the establishment of submarine com- 
munication is to be found in the fact that it would pro- 
bably tend to retain for us a large amount of business 
which recent changes upon the Continent are already 
tending, and may still further tend, to divert from our 
ports. 

51. The volume of the trade which would be likely 
to make use of the Channel Tunnel, were that route 
opened for the conveyance of goods at rates sufficiently 
advantageous to induce exporters and importers to 
make use of it, must, as we have already pointed out, 
remain a matter of conjecture. It is, however, material 
to consider the total amount of the trade of which a 
portion might be attracted to the tunnel, and to ascertain 
the value of those sections of it which are most likely to 
be so attracted. 

52. We learn from tables which have been prepared 
for us under the direction of Mr. Giffen, in the Board 
of Trade, that of the total trade of the United Kingdom, 
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imports to the value of £151,000,000 come to this 
country from the Continent of Europe, and exports 
to the value of £127,000,000 are carried from this 
country to the Continent. These exports and imports 
represent about two-fifths of the exports and two-fifths 
of imports of the United Kingdom to and from the 
whole world. 

53. It is to be observed that, of the above exports, 
£81,000,000 are British and Irish products (about 
one-third of the British and Irish products exported 
from the United Kingdom); while the foreign and 
colonial produce re-exported from this country to the 
Continent is valued at £46,000,000, or three-fourths of 
the total amount of foreign and colonial produce dis- 
tributed by this country. In addition to the distribu- 
tion of produce to this amount, it is necessary to take 
into consideration the business spoken of specially as 
that of transhipment, which amounts to about 
£12,500,000 a year, of which £9,500,000, or more than 
three-fourths, is received from the Continent, while 
£2,800,000, or about one-fourth, represents com- 
modities sent, after transhipment, to the Continent. 
Besides these, there is a large but fluctuating trade with 
the Continent in bullion, and a large traffic in securities. 
The total of our transactions with the Continent, includ- 
ing imports, exports, transhipment, and bullion, amount, 
in round numbers, to £300,000,000, or £150,000,000 
each way. 

54. From other tables which have been put in by 
Mr. Giffen, in illustration of the movements of shipping, 
it appears that in 1882 the entries of shipping in the 
various ports of the United Kingdom from Europe 
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amounted to 20,000,000 tons, or nearly three-fourths 
of the total entries from all countries, and the clearances 
to 18,500,000 tons, or nearly two-thirds of the total 
clearances to all countries. 

55. A fair idea of the total amount of the trade liable 
to be affected cannot, however, be formed, unless to 
the figures quoted above be added those representing 
the trade of the United States and Canada with Europe, 
excluding the United Kingdom. With regard to this, 
Mr. Giffen estimates the amount of the imports into the 
United States from Europe, excluding England, at 
£32,000,000, and the exports from the United States 
to Europe, excluding England, at £52,000,000. Adding 
to these amounts the trade between the United States 
and Europe in bullion, the total for the year 1881 of the 
trade between North America and the Continent of 
Europe may be taken at £100,000,000. 

56. The total trade between the Continent of 
Europe on the one hand, and the United Kingdom 
and North America on the other, may therefore be 
set down at £400,000,000 annually, or {200,000,000 
each way. 

57. With reference to the prospects of the Channel 
Tunnel, it is important to distinguish the amount of 
the trade referred to above which belongs to those 
countries of Western Europe, the commerce of which 
would be most likely to take advantage of improved 
communications between England and the Continent. 
We find accordingly that, of the total of our imports 
from the whole of Europe, two-thirds, or £98,000,000, 
were from Germany, Holland, Belgium, and France ; 
while, of our total exports to all Europe, two-thirds, or 
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£88,000,000 were to these four countries. Of these 
exports, £50,000,000 were of domestic produce, or 
five-eighths of our exports of such produce to all 
Europe, while £38,000,000 were of foreign and colonial 
produce, or four-fifths of our exports of foreign and 
colonial produce to all Europe. Of our distributing 
trade, by far the greater portion is therefore carried on 
with our nearest Continental neighbours, with whom 
also we transact a transhipment business represented by 
£8,000,000 out of £9,500,000 worth of goods imported 
for transhipment from all Europe; and of exports 
valued at £2,000,000 out of £2,800,000 exported after 
transhipment to the whole of Europe. 

58. Of the bullion trade nearly the whole imports 
and the great bulk of the exports are from and to these 
countries, with which our total annual trade, including 
imports, exports, transhipment trade, and bullion, 
amount in round numbers to 200,000,000, or 
£100,000,000 each way, out of £300,000,000, or 
£150,000,000 each way, our total trade with all Europe. 

59. Of the trade between the Continent of Europe 
and the United States, nearly the whole belongs to these 
four countries, the total trade of which with the United 
Kingdom and the United States may, Mr. Giffen con- 
siders, be taken at £300,000,000, or {150,000,000 each 
way, exclusive of traffic in securities and passengers. 

60. The shipping statistics relating to the trade 
between the United Kingdom and the same group of 
European countries show that about four-sevenths of 
the total tonnage, including entrances and clearances 
to and from all Europe, belong to Germany, Holland, 
Belgium, and France. A table printed at page 516 of 
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the Appendix to this Report * illustrates the rapid ex- 
pansion which has been undergone by our trade with 
these countries during the last twenty years. 

61. The above figures establish conclusively— 

(1) That the volume of the traffic at present 
passing across the seas which separate the British 
Islands from the Continent of Europe, and conse- 
quently liable to be affected by the existence of a 
Channel tunnel, is enormous. 

(2) That a very large proportion of that traffic 
is between the United Kingdom and those four 
countries (Germany, Holland, France, and Belgium), 
our trade with which would presumably be most 
liable to be so affected. 

62. In the face of these facts it may be predicted 
with confidence that any improvement in the routes 
followed by so vast a body of trade cannot fail to have 
far-reaching results in the development of existing 
traffic and in the creation of new. 

63. This view is justified, not only by our knowledge 
that such an expansion invariably follows upon the 
improvement of trade communications, but by a 
consideration of the conditions under which, in the case 
of the Channel Tunnel, the new route would compete 
with those already in existence. 

64. In this competition the tunnel route would have 
the advantage which must always belong to through 
carriage by railway over carriage partly by land and 
partly by sea, with the inseparable inconveniences of 
transhipment, break of bulk, and terminal expenses. 
Those advantages, however, which must in all cases be 


* This table is not reproduced here. 
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considerable, can never be so great as in a case in which, 
as in that now before us, the mixed route is one of 
which the sea portion is short and the railway portion 
long in proportion to the whole length of the distance 
traversed. In the case of a mixed route, where the 
converse is true, that is, where the longer portion is by 
sea and the shorter by rail, the cheapness of the water 
carriage over the longer distance affords some com- 
pensation for the expense and inconvenience of trans- 
shipment, etc., at each end. Where, on the other hand, 
as in the case of the conveyance of goods from an inland 
manufacturing town in England to their destination on 
the Continent, of the total distance traversed only a 
small part is by sea, no such compensation is forth- 
coming. It follows that the removal of the necessity 
for transhipment, etc., is relatively far more advan- 
tageous in the latter than in the former case, and should 
in the latter case, have the effect of enabling the relieved 
route to compete upon favourable terms, not only with 
those routes with which it was able to compete suc- 
cessfully before, but with other routes extending over a 
much larger area. 

65. The relief of the Channel route from the 
hindrances which, as we have said, operate so dis- 
advantageously to the commerce which makes use of it, 
is likely to have this result. 

66. In this view we have to take into account the 
extent of that traffic which Mr. Giffen appropriately 
describes as the “ short ferry traffic” between England 
and the Continent, in the case of which, owing to the 
shortness of the distance between the English and the 
Continental ports, the expenses of transhipment and 
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break of bulk are not compensated by cheap conveyance 
over a long mileage by sea. 

67. The amount of this traffic is shown in tables 
which Mr. Giffen has prepared with the object of 
illustrating the trade between France, Germany, Bel- 
gium, and Holland on the one side, and the ports of 
London, Harwich, Rochester, Dover, Folkestone, New- 
haven, Littlehampton, Southampton, and Weymouth. 

68. We find that of the total imports to the United 
Kingdom from those countries, £72,500,000, or about 
three-quarters, are to these ports. 

69. Of the total exports to the United Kingdom from 
these four countries, £48,500,000, or one-half, are from 
these ports. Of these exports, £16,000,000 represent 
British and Irish, and £32,500,000 foreign and colonial 
products, out of a total of £38,000,000 of foreign and 
colonial products exported to the four countries. The 
shipping movements of these ports with the four 
countries show entries to the extent of nearly 4,000,000 
tons, and clearances to the extent of 3,000,000 tons. 

70. The tables printed in the Appendix specify the 
different articles imported and exported at each of the 
ports in question.* 

71. Of the trade shown by the above figures as 
following the short ferry route across the Channel, there 
is every reason for expecting that a large share would 
pass through the tunnel. In all cases except the com- 
paratively insignificant number where the destination 
of the goods happened to be the seaport at which they 
were landed, two transhipments would be avoided, and, 
as we have already pointed out, the shortness of the 


* These tables are not reproduced here. 
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present water transit offers no compensation for its 
expense and inconvenience. It is remarkable that of the 
wool now sent from London to France, about half is at 
present carried by rail from London to the Channel 
ports. 

72. We desire to insist particularly upon the 
importance, in the interests of the large depot trade 
carried on by this country, of neglecting no opportunity 
which may present itself for the improvement of our 
trade communications. The figures which we have 
given show how large a part of the foreign and colonial 
produce which we import is re-exported to Germany, 
Holland, Belgium, and France, and that of this a large 
part follows the short sea route. The evidence which 
we have received shows that this trade is threatened by 
the increase of business at places like Antwerp, Havre, 
and Rotterdam, which are able to receive and distribute 
directly goods destined to the Continent. The fact that 
the chief manufacturing places on the Continent with 
which our business in the distribution of raw material 
is carried on are situated inland, would render it possible 
for direct railway carriage from this country to compete 
under favourable conditions with railway carriage 
between the same places and the continental ports. 

73. We are led at this point to the consideration of 
the effects which the opening of a tunnel under the 
English Channel might produce upon our security as 
a nation. 

74. Our examination of this part of the subject has 
been much facilitated by a study of the memoranda and 
evidence printed in the Blue Book, entitled “ Corre- 
spondence with reference to the proposed Construction 
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of a Channel Tunnel.” Among these papers we may 
refer specially to the Report of the Military Committee 
presided over by Sir A. Alison, and to the minutes of 
His Royal Highness the Commander-in-Chief, and of 
Lord Wolseley. . 

75. These papers contain a very full statement of the 
military arguments. We have, however, thought it 
desirable to afford the writers an opportunity of further 
explaining their views, and of submitting themselves to 
examination with regard to the data upon which they 
had founded their conclusions, and we have supple- 
mented their evidence by that of other distinguished 
officers. 

76. We share with the military witnesses their 
opinion that the existence of a tunnel under the Channel 
would in some respects modify the conditions under 
which the defence of this country would have to be 
undertaken, and that special precautions would be 
necessary in order to prevent the possibility of its falling 
into the hands of an enemy. We agree with them in 
believing that its possession, either during the progress 
of operations or during an occupation of English soil, 
would be highly advantageous to the invading force, 
and possibly disastrous to the invaded nation. Such 
a force holding both ends of the tunnel would have a 
secure line of communications by means of which it 
could be safely and easily provided with supplies and 
reinforcements ; these, without a tunnel, could be 
conveyed by sea only, subject to all the risks of transport 
across the Channel and attack from the English navy. 

77. We are, therefore, ready to concede that if it 
can be shown that no means could be devised upon 
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which reliance could be placed for preventing a tunnel, 
once made, from passing into the hands of an enemy, 
its formation would be in the highest degree objec- 
tionable. 

78. We have, therefore, to consider whether the 
capture of the tunnel by an enemy is a contingency so 
probable as to justify us in recommending that its 
construction be forbidden by Parliament. 

79. We avail ourselves of this opportunity for 
expressing the reluctance which, as civilians, we feel to 
express our own opinions, and especially to criticise 
those of high military authorities, in regard to matters 
affecting the defences of the country. We cannot, 
however, divest ourselves of the responsibility which 
Parliament has thrown upon us in entrusting us with this 
inquiry. It is, moreover, our duty to point out, and 
upon this we shall have more to say presently, that of 
the considerations on which those military authorities 
have relied in arriving at their conclusions, many are 
far from being of an exclusively technical or military 
character. Some of them, indeed, are purely political, 
and upon these, at any rate, we conceive that we need 
have no scruple in expressing the opinions which we 
have been able to form. In other cases, again, the 
statements originally put forward have been so far 
qualified or limited by the subsequent evidence of the 
witness as to deprive them of much of their significance 
and weight. 

80. We have already admitted that the existence of 
the tunnel would to some extent alter the conditions 
under which this country would have to be defended 
against attack. It follows, and, to the best of our belief, 
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no one has disputed the conclusion, that steps must be 
taken with the object of removing the risk which, if no 
such steps were to be taken, the presence of the tunnel 
would involve. 

81. This question has been so thoroughly dealt 
with by the Military Committee, presided over by 
Sir A. Alison, to which its investigation was entrusted 
last year, that it is not necessary for us to do more 
than recapitulate the principal recommendations of 
their Report. The evidence which we have taken in 
connection with this branch of the inquiry leads us to 
believe that those recommendations are regarded by the 
military authorities as embodying the most effectual 
measures which military and engineering science is 
able to suggest for the purpose of securing the tunnel. 

82. We will, therefore, assume that in accordance 
with the suggestions of the committee, arrangements 
have been made : 

(1) For protecting the mouth of the tunnel by 
means of a portcullis or other defensible barrier. 

We desire to invite attention to the sug- 

gestion made by Sir F. Bramwell for the defence 

of the terminal station at the English end of the 

tunnel by means of massive sliding gates con- 

nected by inter-locking machinery, the machinery 

to be so arranged that both gates could never be 

opened at the same time. 

(2) For interrupting the ventilation of the tunnel, 
and thereby rendering its air irrespirable. 

(3) For closing the land portion of the tunnel, 
by pouring shingle into it at one or more places 
specially provided for the purpose. 
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(4) For the temporary demolition of the land 
portion of the tunnel by mines, or by fixing charges 
of explosives. 

(5) For partially flooding the tunnel by opening 
of sluice valves, or by the use of explosives. 

(6) For the complete destruction of the tunnel 
by the admission of the sea. 

With regard to the last, we observe that several of 
the witnesses whom we have examined have expressed 
themselves incredulous as to the possibility of effecting 
such a breach in the roof or walls of the tunnel as would 
have the effect of permanently disabling it. We have, 
however, ascertained that the members of the Military 
Committee thoroughly considered this question, and we 
obtained from Sir F. Abel and Colonel Majendie, the 
two members of the committee who were specially 
consulted upon these points, a clear expression of their 
opinion that by the use of explosives the tunnel might 
be disabled to such an extent that its restoration would be 
an operation not less serious than the construction of a 
new tunnel. 

83. We further assume that, in accordance with 
the recommendations of the Military Committee, the 
tunnel has been made to emerge in the immediate 
vicinity of a suitable fortress, and that the arrangements 
to be used for its obstruction are to be controlled from 
different points situated within the works of that 
fortress, as well as from other points at a distance from it. 

84. ‘The character and extent of the additions which 
would be requisite in order to bring the works now in 
existence at Dover up to the strength necessary under 
the altered circumstances which would be present 
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are matters upon which we cannot undertake to report 
in detail. These must be determined upon the respon- 
sibility of Her Majesty’s Government, aided by their 
professional advisers. His Royal Highness the Com- 
mander-in-Chief has pointed out to us that it would 
be impossible for these to give an opinion until the 
precise position of the tunnel and its exit has been 
determined. 

85. We observe that upon these points, and par- 
ticularly with regard to the strength of the garrison which 
would be necessary, there is some discrepancy in the 
opinions of the military witnesses. 

86. Thus, His Royal Highness the Commander-in- 
Chief states that the force at Dover should always be of 
a minimum strength of from 8,000 to 10,000 men. 

87. Sir A. Clarke, Inspector-General of Fortifica- 
tions, would wish the peace garrison of Dover, which 
now numbers about 3,000 men, to be increased to 6,000, 
but adds that he considers that increase desirable, 
‘“tunnel or no tunnel,” ‘This witness considers that a 
redistribution of troops would provide the extra 3,000 
necessary. 

88. Sir Lintorn Simmons believes that an extra 
garrison of 10,000 men would be required. 

89. General Lord Wolseley is of opinion that the 
present garrison should be raised to a strength of from 
10,000 to 12,000 men. 

go. We understand that the accommodation now in 
existence at Dover is sufficient for 3,000, and that in 
time of war a force of from 6,000 to 8,ooo0 men would 
probably be placed within the works. 

g1. With regard to the possibility of strengthening 
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the Dover force upon an emergency, we may mention 
that the distances by rail between Dover and other 
places where troops are, are the following :— 


Miles. Ch. 

Dover to Canterbury xc es ae sae, 26 34 
6 Chatham ... ek wie he EAS 45 

45 Woolwich ... nt Be ae ac OF 42 

a London... ey es abe = 496 46 

5 Shorncliffe ... Ee et sas oes ley 27 

> Aldershot ... o is a so Oy 22 


92. We have now to examine seriatim the principal 
apprehensions for the safety of the tunnel which have 
been expressed before us. ‘These are to the effect that 
it might pass into the hands of an enemy : 

(1) by surprise, effected through the tunnel 
itself ; 

(2) by surprise, effected by a force landed in the 
neighbourhood of the tunnel, with or without the 
aid of troops passed through the tunnel ; 

(3) by surprise, facilitated by treachery ; 

(4) after investment by an invading force ; 

(5) by cession as a condition of a disastrous 
peace. 

93. We desire to call especial attention to the fact 
that it is assumed, and notably by Lord Wolseley in his 
published Memorandum, that the danger to be appre- 
hended from a coup de main of the kind suggested in (1) 
(2), and (3), would be greatest at a time when this 
country was in a state of profound peace with all the 
world, including the Power by which the supposed 
coup de main might be struck. “ The seizing of the 
tunnel by a coup de main is, in my opinion,” says his 
Lordship, ‘‘a very simple operation, provided it be 
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done without any previous warning or intimation whatever 
by those who wish to invade the country.” Speaking 
of the risk of surprise from a force sent through the 
tunnel, the same writer (Mem. p. 282) says: “ My 
contention is, that were a tunnel made, England, as a 
nation, could be destroyed without any warning what- 
ever, when Europe was in a condition of profound peace 

. . the whole plan is based upon the assumption of its 
being carried out during a time of profound peace between 
the two nations, and whilst we were enjoying life in the 
security and unsuspicion of a fool’s paradise.” 

94. We gather from Lord Wolseley’s evidence before 
this committee, that it is far from his Lordship’s inten- 
tion to suggest by the above expression that there is a 
greater probability of this country being treacherously 
attacked during a time of the profoundest peace, than at 
a moment when our foreign relations might be such as 
to require more than ordinary vigilance. It is, however, 
undoubtedly the opinion of Lord Wolseley, and of others 
who have addressed themselves to the study of this 
question, that a treacherous attack directed against us 
by an apparently friendly Power, at a moment when all 
the political circumstances were such as to disarm the 
suspicions of the political and military authorities is 
the particular form of danger which it is most of all our 
duty to anticipate, as one of the results of the opening 
of a submarineroute between Englandand the Continent. 

95. In support of this view a Paper, with which we 
have been supplied, has been prepared by the direction 
of His Royal Highness the Commander-in-Chief in the 
Intelligence Branch of the War Department. That 
Paper has for its title Hostzlities without Declaration 
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of War, and the writer has undertaken to show by a 
review of over a hundred cases, selected from the 
history of this and the last century, that hostilities 
between European Powers have, with rare exceptions, 
commenced without previous declarations of war. 
That this has been the case, in so far as hostile acts have 
been committed by land or by sea without the formal 
announcement that peaceful relations were to be 
considered at an end, we do not doubt. There is, 
however, a wide distinction between acts of hostility 
committed without a formal declaration of war, and 
such acts committed under circumstances rendering it 
impossible for the Power attacked to foresee the danger 
which threatened it. An examination of the Paper 
referred to will show that in the large majority of the 
cases referred to in the Paper of the Intelligence Depart- 
ment, hostilities, though not preceded by formal 
warning addressed to the Power against which they 
were directed, nevertheless took place at times when, 
owing to international complications, the continuance 
of a state of peace could not have been expected. The 
cases selected by Lord Wolseley for the purpose of 
illustrating his argument do not appear to bear it out. 
These were: ist. The seizure in 1807 of the Danish 
Fleet at Copenhagen; 2nd. The capture in 1804 of 
four Spanish frigates ; 3rd. The sudden and unexpected 
outbreak in 1870 of the Franco-German War. 
1st. The Danish Fleet was, it is true, seized 
without a previous declaration of war ; a proceeding 
due to and justified by the discovery by the English 
Government of the secret article in the Treaty of 
Tilsit, by which the Navy of Denmark had been 
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put at the disposal of France; an act which, it is 
needless to say, constituted an alliance with our 
enemies, and which the Danish king and Govern- 
ment must have known to be tantamount to a 
declaration of war, with all its consequences, for 
which they ought to have been prepared. 
2nd. The seizure of the Spanish frigates was 
made (in accordance with a practice which was 
frequent in the eighteenth century, and was sup- 
ported by jurists of all countries) on the eve of a 
war with France, felt to be inevitable, and in which 
Spain, by her treaty engagements with France, would 
be necessarily involved ; and was, in fact, the sequel 
of a long and angry diplomatic correspondence, 
during which Spain was making active preparations 
for a maritime war. 
3rd. The Franco-German War broke out with 
unexpected rapidity, but not so suddenly that 
either party possessing a single weak point, like the 
Channel Tunnel, would not have had ample time to 
place all its defences in working order.* 
96. We do not take the view that the contingency of 
a coup de main struck by a Power with whom our 
relations had been friendly and unstrained, is one which 
we have any right, or which experience would justify 
us in placing amongst the foremost of the probabilities 
with which we have to deal. It is our impression, on 
the contrary, that, if such an attack were to be made, it 
would be preceded by circumstances which would have 


* To illustrate this point, it may be mentioned that the Germans 
blew up their half of the international bridge at Strasbourg on the out- 
break of war. 
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called for effectual precautions against surprise. We 
observe with pleasure that this view is that apparently 
entertained by His Royal Highness the Commander- 
in-Chief, and by Sir Lintorn Simmons. 

g7. We are glad to learn from the whole of the 
military witnesses who have come before us that, if such 
precautions were in existence, the risk of a successful 
surprise would be extremely remote. That this would 
be so, whether the attempt were made by means of a 
force sent through the tunnel, or by one landed in its 
vicinity there can be little doubt. A small body of men 
emerging from the mouth of the tunnel in the face of 
the concentrated fire of the forts by which it would be 
commanded, and of the superior force by which it would 
unquestionably be encountered, if its arrival were 
expected, could scarcely escape annihilation. 

98. Thus, Lord Wolseley says that, if sufficient 
notice were to be given, ‘‘50 men at the entrance of the 
tunnel can prevent an army of 100,000 men coming 
through it.” 

99. Sir A. Alison, referring to the probability of 
an attack through the tunnel, says that he thinks such 
an attack ‘‘ ought to be very easily met”; and adds, 
“if there was any alarm at all, or any strainedness of 
relations, the precautions to be taken to meet it are 
so very simple, that I am not inclined to fear it as much 
as I know many military men of great experience do.” 

100. Nor would a like attempt on the part of a 
moderate-sized force, suddenly landed in or near Dover, 
if such an attempt .were foreseen by the defenders, 
probably be less unsuccessful. 

ror. Sir A. Alison, questioned upon the prospects 
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with which such an attempt might be made, says, “‘ It 
is only in time of peace that it could be done, without a 
formal declaration of war, and when it is not expected.” 

102. Lord Wolseley, asked whether he had any 
apprehension as to the result of an attempt of the same 
kind made at a time when we were at war, and when 
consequently the force to whom the defence of Dover 
was committed, would be in daily or hourly expectation 
of hostilities, replied that, ‘‘ With a garrison at Dover 
of 10,000 or 12,000, commanded by a well-selected 
general, a surprise would be a very improbable event.” 

103. His Royal Highness the Commander-in-Chief, 
asked whether he would anticipate much danger from 
the tunnel in time of actual war, replies, ‘“‘ I should 
think the danger from the tunnel is before any war 
breaks out ; that is the point where I consider there is 
the greatest risk.” 

104. The military evidence indeed points through- 
out to the conclusion that the risk from a coup de main, 
unless struck in time of the profoundest peace, would 
be scarcely appreciable. We have already expressed 
our opinion with regard to the probability of an attack 
of this kind being made under such political conditions. 
It is, however, desirable, before we leave this part of 
the subject, to examine the prospects with which a 
coup de main might be attempted, even upon the assump- 
tion that the attempt took place when we had no reason 
whatever for anticipating it, and when the political sky 
was absolutely clear. 

105. If the coup de main were struck through the 
tunnel the invaders would have to be entrained without 
attracting attention, and sent through the tunnel without 
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such a disturbance of the ordinary traffic, as might 
awaken suspicion on our side. They would have to 
debouch from the tunnel in sufficient numbers, and with 
sufficient rapidity, to enable them to possess themselves 
at once, and simultaneously, of the different works 
commanding the exit of the tunnel. They would have 
to hold the exit and these works against any attempt 
which might be made to recapture them. Finally, 
unless we are to assume the failure of the whole of the 
arrangements suggested for closing the tunnel in case 
of need, they would have to possess themselves at 
once of all the points from which those arrangements 
would be controlled, at the risk of finding the tunnel 
obstructed in their rear, and their retreat hopelessly 
cut off before reinforcements or supplies could possibly 
reach them. 

106. This being so, we are not surprised to learn 
from His Royal Highness the Commander-in-Chief 
that in his opinion if there is any risk from a coup de 
main ‘‘ it is seaward that there is the danger ; not the 
tunnel as a means of attack.” 

107. With regard to the possibility of seizing the 
English end of the tunnel by means of a small force 
landed in its neighbourhood, we have endeavoured to 
ascertain precisely the conditions, of which the presence 
would be indispensable if such an attempt were to have 
any chance of success. ‘Those conditions would, we 
understand, be the following :— 

(1) It would be necessary that the invading force 
should be despatched with absolute secrecy. 

(2) That it should cross the Channel unobserved 
and unmolested by our fleet. 


CHANNEL ‘TUNNEL: LANSDOWNE REPORT 159 


(3) That the state of the weather should offer 
no difficulties to the disembarcation. 

(4) That its landing should be effected without 
hindrance. 

(5) That it should advance without molestation 
from the point at which it might be landed to the 
works by which the exit of the tunnel would be 
protected. 

(6) ‘That it should find the garrison in a state of 
absolute unpreparedness. 

(7) That it should succeed in carrying by a 
simultaneous rush the whole of the various works 
surrounding the exit of the tunnel. 

(8) That this capture should be effected so rapidly 
as to render it impossible for the defenders of those 
works to have recourse to any of the means which 
would be in existence for the purpose of closing 
or destroying the tunnel, or, that the whole of those 
means should simultaneously chance to be out of 
working order. 

108. That every one of these conditions should be 
present at the same time it appears to us most 
improbable. We can well conceive that, with the rapid 
communications now available for the movement of 
troops by land or sea, a force such as that contemplated 
might be collected and despatched, and possibly reach 
our coasts without warning. ‘That its landing, forma- 
tion, and forward movement could altogether escape 
detection we can scarcely conceive. It would, we learn 
from Admiral Rice, take twelve hours, even under 
the most favourable conditions, and assuming the land- 
ing to be unresisted, to land 20,000 men, the force 
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contemplated by Sir Lintorn Simmons. Such a force 
could not, however, in Admiral Rice’s opinion, be landed 
without attracting attention.. A smaller body could, 
of course, be landed with greater rapidity, but the 
diminution of its numbers would not increase its chance 
of success. A force of 1,000 men could, Sir Cooper Key 
informs us, be landed under favourable circumstances 
in an hour; “ the larger the number of men,” however, 
this witness adds, ‘‘ the more the difficulties that would 
arise against the time, but I have no hesitation in saying, 
that if they were equipped for it, with boats properly 
prepared, and a good clear beach, they could land 
10,000 men under ten hours.” 

10g. That such a force, or one approaching to it 
in strength, should be able to traverse without detection 
or hindrance, the distance intervening between the 
point of landing and the exit of the tunnel, which, 
unless the recommendations of the Military Committee 
are altogether disregarded, would be at a considerable 
distance from the shore, appears to us difficult to con- 
ceive ; were it to be detected, and the alarm given, 
the complete surprise of the garrisons of the different 
forts would no longer be possible. 

110. ‘The apprehension of Lord Wolseley, is, how- 
ever, not that the invading force should be landed on the 
coast to the east or the west of Dover, upon which we 
understand that the nearest points available for a 
landing are at a distance of several miles from the 
town, but that a force much smaller than that supposed 
by Sir L. Simmons, and probably numbering not more 
than 3,000, might arrive at night at Dover itself. The 
anticipated operations of such a force are graphically 
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described by Lord Wolseley in his evidence, from which 
the following extracts are taken. The landing might, 
his Lordship supposes, have taken place at Dover Pier. 


“4946. What distance would the force have to 
traverse before it got to the works ?—There are no works 
at Dover, distant from the quay, more than a mile and a 
half or two miles ; 1 never calculated the exact number 
of yards. 

“4947. At any rate that distance, which is probably 
something of that kind, would have to be traversed ?— 
That distance would have to be traversed. 

“4948. And its course lies through the town of 
Dover ?—Its course lies through all the various parts of 
the town of Dover. 

“4949. At this moment you suppose that a force so 
landed would first awaken the alarm of somebody or 
other at Dover ?—If the surprise were properly carried 
out, I do not see how anybody is to know anything 
about its taking place ; if it is carried out on a dark or 
a rainy night, I do not see how anybody is to know 
anything about it before you actually walk up to the 
barrack gate and ask the sentry to let you in. 

* * * * 


“4951. You assume, not that the works are carried by 
what you have called a short siege, but a sudden rush ?— 
By surprise. If you had to resort to a siege, and you 
had the means of blowing up the tunnel, of course you 
could blow it up. : 

“4952. With regard to the works, we civilians 
cannot tell what works might or might not be erected 
in order to protect the tunnel, but at this moment there 
are works, are there not, upon either side of the town of 
Dover ?—Yes, on either side of the valley. 

‘4953. What is your idea; that a force landed in 
the way which you have suggested would carry the whole 
of those works, or only that it should devote itself 
entirely to the works upon one side of the valley >—I 
should think they ought to carry all the works. 


M 
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ce 


4954. Fort Burgoyne on one side and the Citadel 
on the other >—Fort Burgoyne on one side, and the 
Citadel on the other and the Western Heights. I 
forget the names of the various forts ; there are about 
four principal works in Dover, as well as I remember. 

* * * * 


‘4963. Then no alarm would be given by the 
appearance of 6,000 or 7,000 men through the streets 
of Dover in the dead of night ?—I was talking of 3,000 
men, but if you take it up to 6,000 men, they would not 
march in one column, but march in many different 
directions towards the defence works which they had 
to attack; and if proper precautions had been taken 
beforehand by the general or the commander who 
had to devise such a scheme for the surprise of the place, 
under those circumstances it would be utterly impossible 
for any alarm to be given to the garrisons of the different 
works about to be attacked. It is quite possible that 
people, for instance, the policemen and the coastguards- 
men on the quay, would be knocked down, very likely 
bayonetted, or made prisoners, and you may call that 
giving an alarm; or they might be perceived landing 
by a small number of people, and it is possible that on 
the route from the quay, or from the place of dis- 
embarkation, to the various points to be attacked, 
individuals might come out in the dead of the night for 
some reason, or they might look out of the windows 
and see the men marching past ; but if proper precau- 
tions be taken, as they would be in case of a surprise 
being planned and devised by a man who knew his 
work, I think it would be impossible for any news to 
reach the different points about to be attacked.” * 

% * * * 


“5233. I think you said that supposing any one in 
this room were to go to the barrack gates, and to knock 
at the door, the door would at once be opened ?>—The 
wicket would be opened to you. 


_ _* Telephones were not in general use at that time, the first exchanges 
in England only having been opened in 1881, about two years earlier. 
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“5234. Would it be the case if a person who went 
there had 100 men in his company ?—The man inside 
would not know that he had them; he would never 
suspect 100 men being outside ; but I would go further 
and say, even supposing that he would not open the 
barrack gates, the barrack gates are very easily knocked in. 

“* 5235. Are there any drawbridges there ?>—There 

are, but they are very seldom, if ever, drawn up in 
Dover. 
_ “5236. You said that if the tunnel were in existence, 
it would be necessary that the conditions of life in Dover 
should be altered ; would that be one of the conditions 
which would be altered ?—Yes. 

‘5237. And the drawbridges would be up at night ? 
—The drawbridges would be up at night, and nobody 
would be allowed to go in or out after a certain hour.” 


111. The following extracts from the evidence of 
Sir Patrick Macdougall, show that the precautions 
which might be necessary in order to guard effectually 
against a nocturnal surprise, would be of the simplest 
character : 


“ 5288. In the greater part of the evidence you have 
given, you have contemplated the case of sufficient 
notice having reached the defensive force to occupy the 
lines which you say command the mouth of the tunnel, 
and even to bring up troops, but the most dangerous 
contingency that has been suggested is a sudden surprise 
before those operations could be effected ; can you not 
conceive a sudden surprise of that kind before due notice 
could be given of the attack p—No, I cannot. 

“* 5289. It has been suggested that there might be 
nothing to prevent, even after the works considered 
necessary for the defence of the tunnel had been com- 
pleted, a small force landing in the dead of the night at 
the pier of Dover, and portions of that force reaching 
each of the fortresses simultaneously, and occupying 
each of them without material difficulty; can you 
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conceive of that taking place >—No, I cannot conceive 
of its taking place unless there was no garrison in the 
fort, or that they were asleep. 

** 5290. At any time in the night, I presume, when no 
danger was immediately at hand, a large portion of the 
garrison would be asleep >—Yes. 

* 5291. A certain portion would be on guard ?—Yes. 

“* 5292. Now, it has been supposed that a force, we 
will say of 1,000 men, would be despatched simul- 
taneously to each of five or six fortresses, and would 
arrive at each fortress at the same time ; that they would 
knock at the door, and be admitted, and would rush in 
and disarm the ten or twelve men who would be on 
guard ; does that attempt appear to you to be a feasible 
one ?>—It might be feasible on the supposition that 
the drawbridges were down, and the wickets open, 
but not upon the supposition that the drawbridges 
were up. 

“5293. I presume if any summons came at night 
to the soldier on guard, he would endeavour to ascertain 
who it was ; he would not open the door without some 
precaution P—Of course the supposition is, that the 
wicket is opened to admit a supposed friend, and then 
these people rush in; but that would be rendered 
impossible by the drawbridge being up, and if the 
drawbridge were up, 4,000 men could do nothing against 
a fort with a steep escarpment; they could not scale 
the walls. 

“5294. I presume that if Dover became, as it would 
become in the case of the tunnel being made, a place of 
some importance, every possible precaution against a 
sudden rush of that sort would be taken ?—I should 
suppose so. 

“5295. Can you conceive that those precautions 
might be made, not very expensive and perfectly certain 
of acting ; precautions to prevent the fort being seized 
suddenly and without due notice, so as to rouse the 
garrison ?—I do not think they could possibly surprise 
the fort if the drawbridge was up, and the garrison 
within. I am supposing small garrisons, not a large 
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division. I think garrisons of 500 men would be 
ample for these small detached forts. The forts now 
existing require larger garrisons in proportion to the 
small forts, but then they are constructed for a different 
purpose.” 


112. We desire to dwell, in examining this part of 
the subject, not only upon the difficulties which the 
force by which a coup de main might be attempted would 
have to surmount before it could possess itself of the 
tunnel and the protecting works, but also upon what 
appears to us to be the certainty, that even if it was 
successful in effecting its purpose to this extent, it would, 
under the arrangements advocated by the Military 
Committee, find the tunnel disabled. 

113. Of the measures enumerated in the Report of 
the Military Committee which, as we have pointed out, 
would produce results ranging between a temporary 
destruction of the tunnel and its permanent annihila- 
tion, some would, we cannot doubt, have been resorted 
to from the moment that it became evident that an attack 
of any kind was impending. Those selected would, » 
if the attack did not promise to be formidable in the 
first instance, effect a stoppage, which could be easily 
removed when the danger had ceased to exist. The 
flooding of the lowest lying portions of the tunnel, the 
closing of the barriers at its entrance, the discontinuance 
of the means for supplying it with respirable air, would 
be sufficient for this purpose. A more formidable 
attack might be at once followed by the destruction of 
the ventilating machinery, or by the demolition of a 
considerable part of the land portion of the tunnel by 
means of explosives. 
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114. By these means the tunnel would be rendered 
useless for a period the length of which would vary 
according as one or other of the above measures might 
be resorted to, during which a small force, even if it 
should have succeeded in possessing itself of the exit, 
and perhaps of an outwork in the immediate neigh- 
bourhood, could scarcely hope to hold its own against 
the forces which would be brought against it by land, 
and which, unless the command of the Channel had 
passed out of our hands, a contingency which we shall 
discuss hereafter, would threaten its communications 
by sea. 

115. Should this be the case, it would follow, 
first, that the tunnel itself would no longer be available 
for the object which ex hypothest rendered its possession 
desirable to the invaders; and, secondly, that the 
invaders would find themselves in a position so critical 
as to be almost desperate. 

116. Sir A. Alison states that in such a case the 
invading force would be in a position of greatest danger ; 
it would be thrown forward at the risk of total destruc- 
tion ; if it failed it would be absolutely lost ; and Lord 
Wolseley adds that it would be unnecessary for it to 
bring supplies, for the reason that, if it failed, it would 
not want any. 

117. With regard to this contingency, we observe 
that the military witnesses, while prepared to admit that 
the consequences which would follow from the timely 
destruction of the tunnel under the circumstances which 
we have supposed, are generally apprehensive that the 
tunnel would either not be closed at all, or would be 
closed too late, owing— 
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(1) To the failure of the mechanical contrivances 
for closing ; or 

(2) To the reluctance of the authorities, civil 
or military, to incur the responsibility of such 

a step. ; 

118. We are quite ready to admit the unwisdom 
of placing implicit reliance, where great national interests 
are at stake, upon the absolute efficiency of any human 
appliances, particularly if it should be the case that 
those appliances are specially liable to failure from their 
complication, or from the materials upon which they 
depend. In this view we are able to express our con- 
currence in the paragraph with which the Military 
Committee have concluded their report, and which, 
considering the terms in which they were entrusted with 
their inquiry, they could not with propriety have 
omitted. 

119. We share the opinion of the Military Com- 
mittee that it is impossible to eliminate the risk of 
failure “‘in every imaginable contingency,” but we 
believe none the less that it is possible, by the exercise 
of an amount of care which, judging from the importance 
attached by the military authorities to these questions, 
we cannot doubt would be exercised, and by the multi- 
plication of those defensive arrangements upon which the 
security of the tunnel would depend, so far to minimise 
any risks which its existence might occasion as to place 
the occurrence of an appreciable danger beyond the 
range of those probabilities for which it would be our 
duty to provide. 

120. In connection with this part of the inquiry 
we have obtained valuable evidence from Sir Frederick 
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Abel, and from Colonel Majendie, Her Majesty’s Chief 
Inspectors of Explosives. 

121. The evidence of the former of these witnesses 
is to the effect that there are several methods by which 
the tunnel could be flooded or otherwise obstructed 
without difficulty ; that it might, if desired, be per- 
manently disabled; that ‘‘a very simple system of 
inspection,” such as is now exercised at our submarine 
mining stations, could be easily organised, and would 
have the effect of “ guarding with almost absolute 
certainty,”’ against risk arising from the deterioration 
of the appliances made use of. ‘Those appliances are, 
Sir Frederick Abel admits, no doubt individually 
fallible, but their sufficient multiplication would reduce 
the chance of failure to “‘ a very remote contingency.” 
His decided view is that if it was desirable to utterly 
destroy the tunnel, nothing but very gross and culpable 
negligence upon the part of those entrusted with its 
defences would prevent its destruction from being 
carried out. 

122. Colonel Majendie states that ‘“‘ there are any 
number of ways of obstructing the tunnel ; “‘ there is 
no difficulty about that ; if you have warning, and you 
want simply to close the tunnel, or temporarily to 
disable it, or to deny it to an enemy, there could be no 
difficulty in multiplying means which would be per- 
fectly effectual. ...I have no anxiety at all about 
that.” With regard to the possibility of its permanent 
destruction, he expresses his belief that with “ full 
time, full warning and full means,” there would be no 
difficulty in destroying it in various ways. He points 
out that there would be some risk of the mechanical 
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arrangements getting out of order; he is apprehensive 
that those arrangements might not always be. main- 
tained in a high state of efficiency, and he adds that 
“there is always a risk of failure even in a thing which 
you imagine at the moment is all right.”” In answer to 
a subsequent question upon the same point, he 
observes: ‘“‘I have always had very much before my 
mind the recommendation which our committee made, 
that any means of destroying the tunnel should be 
controlled not only from the central works of the 
fortress, but also from one or two distant places ; and 
it is more with reference to those operations, when, if 
I may say so, the worst has come, and the enemy are 
in possession of the tunnel, and possibly of some of its 
defences, that then, when it is most necessary that the 
thing should act, I am somewhat apprehensive of 
failure.’ Such a failure would not, however, in 
Colonel Majendie’s opinion, be irreparable so long as 
‘we had control of the mine,” and “ access to the 
explosives,” and if the defences of the tunnel were 
sufficiently strong to guard against the possibility of 
sudden seizure, his fundamental anxiety disappears. 

123. The evidence of these and other witnesses 
leads us to believe that by a multiplication of the 
arrangements for closing the tunnel, by a proper selec- 
tion of the places from which those arrangements would 
be controlled, and by the exercise of ordinary care in 
their maintenance and supervision, the risk of their 
failure might be reduced to such an extent as to justify 
us in assuming that such a failure would not, under any 
conceivable circumstances, be likely to occur. 

124. The argument founded upon the assumed 
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reluctance of the authorities, civil or military, to destroy 
or to interfere with a work so valuable as the Channel 
Tunnel is one which we cannot admit to have the force 
attributed to it. It will be remembered that the means 
at their disposal would range from the mere closing of 
the mouth of the tunnel by a temporary obstruction, 
up to its permanent destruction by the admission of 
the waters of the sea through an irreparable breach. 
The former of these precautions would suffice in the 
case of an attack by coup de main ; we cannot believe 
that upon an emergency, believed by the military 
authorities to threaten the existence of the nation, it 
would not be resorted to. The latter could be reserved 
for the more serious contingency to which we shall 
presently refer. 

125. With regard to the anticipation that the 
capture of the tunnel might be facilitated by treachery, 
it is perhaps sufficient to observe that happily the 
records of this country afford little support for such a 
conjecture, and that if the existence of treachery be 
assumed, it would have to operate over an area so 
extensive as to render its success far from probable. 
The extent and number of the defences of the tunnel 
would render the simultaneous betrayal of the whole 
difficult, even upon the assumption that their position 
and character had been previously made known to an 
enemy. 

126. To sum up the results of this portion of our 
inquiry, we desire to state that the apprehensions which 
have been urged by most of the witnesses whose 
evidence we have had the advantage of hearing, appear 
to be founded upon the following assumptions : 
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(1) A willingness on the part of the Power in 
possession of the French end of the tunnel to 
attack this country treacherously, at a moment 
when our international relations could afford no 
indication of the imminence of such an attack. 
(2) The passage and advance of an invading 
force, under circumstances which would enable it 
to elude notice from the time of its despatch up to 
the moment of its arrival at the Dover works. 
(3) The simultaneous seizure by surprise of the 
whole of those works. 
(4) The success of this enterprise with such 
rapidity and completeness as to render it impossible 
for the defenders to put into operation any of the 
manifold appliances for the destruction or temporary 
disabling of the tunnel. 
(5) The neglect, on the part of the military 
authorities, of all the most obvious precautions for 
the safety of a place which, according to their own 
representation, would be of cardinal importance to 
the security of the nation. 
(6) The inopportune interference of the political 
authorities in a matter concerning the defences of 
the country. 
The presence of most of these conditions, regarded 
separately, appears to us highly improbable. That 
the whole of them should concur, we believe to be so 
nearly inconceivable as to justify us in dismissing 
from our minds any apprehensions founded upon 
such an hypothesis. 

127. The foregoing considerations have had refer- 
ence mainly to that particular form of danger which we 
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understood, from the evidence of His Royal Highness 
the Commander-in-Chief and the Adjutant-General 
to be chiefly feared by the military authorities. 

128. It is, however, necessary to refer to another 
contingency : the possibility of the tunnel falling into 
the hands of an enemy after the reduction of its defences, 
or after their cession, consequent upon a reverse or a 
series of reverses sustained in any part of the world by 
our arms. We fully recognise that, considering the 
extent of the British Empire, the responsibilities which 
we have incurred in different parts of the globe, the 
degree in which we depend upon our naval superiority 
for the protection of our national interests, the recent 
growth of foreign navies, and the impossibility of 
foreseeing the political combinations which may here- 
after arise, or the effects of the discoveries of modern 
science as applied to warfare, we should not be justified 
in excluding from our contemplation the consequences 
which might result to this country, were it to sustain 
an overwhelming disaster after it had been united by a 
submarine communication with the Continent of 
Europe. 

129. We are further bound to admit that the con- 
ditions under which a victorious enemy would enter 
upon the occupation of this country, or might impose 
terms of peace upon her if defeated, would be highly 
favourable to him, and unfavourable to us, if he should 
be either in actual possession of both ends of the tunnel, 
or able to exact from us the cession of the English end. 

130. It has been urged that in such an event his 
communications would be easy and almost indestruc- 
tible, his fleet, instead of being engaged in protecting 
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his communications, and in guarding the conveyance 
of his supplies and reinforcements, would be at liberty 
to blockade our ports and molest our commerce ; that 
he would be able at any moment to pour into this 
country large bodies of troops; that our difficulty in 
dislodging him would, under such circumstances, be 
infinitely greater than it would be were he to establish 
himself on English soil without the advantages which 
he would derive from the presence of the tunnel. 
These sinister possibilities would, it is argued on the 
one hand, afford greatly increased temptations to an 
intending invader, and would, upon the other, lead to the 
recurrence of panics, to commercial and international 
susceptibilities, and consequently to augmented ex- 
penditure upon military objects, and ultimately to the 
introduction into this country of military service under 
the conditions prevalent upon the Continent of Europe. 

131. We have given our careful attention to these 
grave considerations, and we should regret extremely to 
present the appearance of passing lightly over them. 
We are, however, in the first place, unable to share the 
anticipation that a victorious enemy would, after 
lengthened operations, either against the fortress of 
Dover, or against our forces in any other part of the 
world, find the tunnel still available for his use. Under 
such circumstances there would obviously be ample 
time for its destruction. ‘‘ If it is a question of siege,” 
says Lord Wolseley, “ whether there are contrivances 
or not beforehand for the destruction of the tunnel, 
the officer commanding the garrison would improvise 
such means as to destroy the tunnel during the siege.” 

132. We cannot bring ourselves to believe that if 
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our fate as a nation depended upon the accomplishment 
of this, our rulers would refuse to give the necessary 
orders, or our military authorities to give effect to them. 
If we are right, it follows that the conquerors would not, 
in the event which we have supposed, obtain, and could 
not expect to obtain, in consequence of the construction 
of the Channel Tunnel, any advantages such as those 
which it is imagined that they will derive from its 
existence. The realisation of this will, we believe, go 
far to allay those fears, the recurrence of which has been 
so much apprehended by some of the witnesses. 

133. We cannot, however, in reviewing this part of 
the argument against the construction of the tunnel, 
abstain from pointing out that, if it be once granted 
that this country has sustained a reverse so over- 
whelming as to oblige her to submit to the terms of a 
peace dictated by a victorious enemy, the presence of 
the tunnel, even if it were to remain intact, would not 
materially alter a position already assumed to be 
desperate. 

134. It would, we conclude, be a condition precedent 
to such reverse, that we had entirely lost the control of 
the sea, and that our armies had sustained a crushing 
defeat. It might be fairly contended that, under such 
circumstances, the victors being absolute masters of the 
English Channel, would be able to bring across it, 
without hindrance, whatever supplies and reinforce- 
ments they might need for the subjection of this country. 
There would indeed, were our case so desperate as it is 
assumed to be, be nothing to prevent a victorious enemy 
from exacting the cession of the whole of our fleet and 
of our dockyards, and the demolition of our national 
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defences, except such as he might himself retain. 
Finally, amongst the conditions imposed, it is conceiv- 
able that one might be the construction of the tunnel 
at our expense, and its cession to the invaders. 

135. We have now, however imperfectly, reviewed 
the chief arguments to which we have had the advantage 
of listening in regard to the military aspects of this 
question. We have in the earlier part of our Report 
expressed our conviction that the commercial advantages 
likely to result from the opening of a tunnel under the 
Channel are likely to be very considerable, and may 
probably far exceed the most sanguine expectations 
formed with regard to them. We are of opinion that a 
great industrial enterprise, offering a prospect so en- 
couraging, should not be arrested except for conclusive 
reasons. We have given our reasons for believing that 
in the case of this enterprise the reasons urged for 
arresting it are not conclusive. In order to show 
sufficient cause for interference on the part of the 
State under such circumstances, it is, in our opinion, 
not enough to prove that circumstances can be conceived 
under which the existence of a Channel Tunnel might 
involve a more or less remote risk to the country, or 
that it is impracticable to devise precautions upon 
which absolute reliance might be placed “in every 
imaginable contingency.’’ This is, however, all that 
has been done in the present instance by the opponents 
of the tunnel project. They have, with much in- 
genuity, assumed the presence of every condition favour- 
able to the view which they entertain, and the absence 
of every condition unfavourable to it, but they have not 
been able to show that there is the slightest prospect 
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of the simultaneous presence of the whole of those 
favourable conditions, and unless this be assumed the 
whole argument founded upon them falls to the ground. 

136. Holding these opinions, we have no course 
open to us except to recommend that this enterprise 
should not be prohibited on merely political grounds, 
and that it may be allowed to proceed, subject to the 
ordinary Parliamentary examination by committees. 

137. The conditions under which that sanction 
ought to be given can scarcely be defined with precision 
until the details of the project are before the public. 

138. The settlement of the defences is one which, 
as we have pointed out, cannot be effected until a par- 
ticular scheme has been approved, and the situation 
of the English end of the tunnel finally determined. 
The extent and character of those defences, the altera- 
tions of the works now in existence at Dover, the 
addition of new works, should any prove necessary, the 
equipment of those works, the strength of the garrison 
to be maintained in them, the character of the appliances 
for closing the tunnel or for destroying it, the 
precautions necessary in consequence of the increased 
importance of the fortress, all these must be determined 
by the Government in concert with its military advisers. 

139. We desire, however, to express our opinion 
that the exit of the tunnel and its approaches should 
be placed under the exclusive control of the military 
authorities. 

140. It was, we observe, laid down as indispensable 
in the letter of the Secretary of State for War to the 
President of the Military Committee, dated 23rd 
February, 1882, that the first charge and maintenance of 
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all necessary works would have to be defrayed by the 
owners of the tunnel. It seems to us that of the extra 
expense which may be occasioned to the nation by the 
necessary addition to the strength of the works at Dover, 
the proprietors of the tunnel may fairly be required to 
bear a part; but without further evidence as to the 
total expenditure required, we cannot take upon our- 
selves to make a specific recommendation on this 
head. 

141. We received during the course of our inquiry 
from gentlemen representing both the schemes at 
present in existence assurances of their readiness to 
contribute, within reasonable limits, to the erection of 
any new works which may be needed. 

142. We apprehend that, in accordance with the 
usual practice, the rates which the proprietors will be 
allowed to charge will be regulated beforehand; we 
consider that these should be fixed upon a scale calcu- 
lated to induce the proprietors to look for a profit to a 
largely extended business upon terms attractive to the 
public rather than to a more restricted one with higher 
charges. 

143. Special arrangements by convention will be 
necessary in order to secure facilities for through 
communication and reasonable through rates over other 
lines in connection with the tunnel on this and on the 
other side of the Channel. 


THE CHANNEL TUNNEL AND 
NATIONAL DEFENCE—II. 


The cogent reasoning and closely packed arguments 
in Lord Lansdowne’s Draft Report would appear 
finally to disprove the charge that the construction of 
the Channel Tunnel would involve an additional risk 
to our national security, but his Lordship’s Draft 
Report was written forty-five years ago, and we have 
yet to inquire how far the conditions then existing have 
been affected by the inventions and political and other 
changes which have since taken place. 

When Lord Wolseley spoke of the possibility of an 
attempt being made to seize the English end of the 
Channel Tunnel during a period of profound peace, 
there is no doubt that he had in his mind the events 
which preceded the Franco-Prussian War, only twelve 
or thirteen years earlier. 

The whole period of the Second Empire had been 
marked by a restless military spirit, with continual 
armed intervention in the affairs of various European 
states, and indeed, in 1858, invasion had been seriously 
apprehended by England on account of the menacing 
tone of the French press. ‘This attitude produced the 
Volunteer movement in England, and coastal defences 
were set up on our shores. 

The waning popularity of the Emperor of the French 
led him in 1870 to declare war on Prussia, thinking a 
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successful campaign would establish him more firmly on 
his throne, and would assure the future of his dynasty. 

Before hostilities commenced, the question of the 
Spanish succession, which had been the ostensible cause 
of the dispute, had been settled in accordance with the 
wishes of France. There was, therefore, no longer 
any ground for war, and no national interests were 
involved. The war was waged, as many previous wars 
have been waged, in the personal interests of a dynasty, 
and it brought that dynasty to its doom. 

The danger of war from France for dynastic purposes 
has passed ; the other great military dynasties of Europe 
have also passed, and thus one cause, at least, of cynical 
and unjustifiable wars exists no longer. 

It may be said that the foreign policy of France 
since the Great War has not been characterised by 
special consideration for British interests ; but there is 
a wide difference between the pursuit of somewhat 
divergent political aims and a filibustering surprise night 
attack on the English end of the Channel Tunnel in a 
time of profound peace, with a view to bringing over a 
large army which should march on London, and hold 
the capital city of the Empire to ransom. 

Do democratic countries in the twentieth century 
wage war on each other in this tribal fashion? Can 
we imagine Sir Austen Chamberlain conspiring with 
Sir Laming Worthington-Evans to seize the French end 
of the Channel Tunnel and march on Paris? The 
idea has only to be stated to show its manifest absurdity, 
and are the statesmen of France less honourable and 
prudent than our own? It is time this foolish and 
unworthy chimera was finally laid to rest. 
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War is impossible between Great Britain and the 
United States; it is more than a century since Great 
Britain and France drew the sword against each other, 
and although during that period, there have been 
moments of acute tension, forbearance and statesman- 
ship have rounded the difficult corners. With the 
removal of the German menace, however, a strong 
motive for Anglo-French co-operation disappears, and 
it is probable that for some time Anglo-French relations 
will be far less cordial than they were for the years 
immediately preceding the late war. 

That a clash of interests would be allowed to drift 
into war is improbable. ‘The greatest of British 
interests is peace,” an axiom which has become the 
watchword of the Foreign Office, and under no circum- 
stances would French diplomacy sanction a policy 
calculated to promote an Anglo-German entente or 
defensive alliance, especially as Russian support for 
France is no longer available. 

The best military opinion on the Continent con- 
siders that no attempt on the Channel Tunnel in any 
conditions whatever would have the slightest prospect 
of success, and if a surprise attack were made and 
failed, Anglo-French relations would be embittered, 
and all co-operation rendered impossible for a century. 

For this reason, the chances of failure being so 
great, no country would risk the loss of prestige in- 
volved in an abortive raid, and no instance of such a 
raid between one civilized nation and another in time 
of peace has ever yet been recorded in the history of 
mankind. 

Should, however, a difference prove incapable of 
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diplomatic settlement, it is not thought that the Tunnel, 
of which the exits will only consist of a couple of holes 
23 feet in diameter, would afford any assistance to the 
enemy. During the critical negotiations, they would 
be invested in force, and when diplomacy failed, the 
Tunnel would be blown up, and the struggle would 
take place as if it had never existed. 

No one would contend that Great Britain ceased to 
be an island if she were connected to the Continent with 
a bridge, and she remains just as much an island if 
connected to the Continent by a tunnel. Either can be 
destroyed in case of necessity with equal facility, thus 
instantly restoring the status quo. 

There are Englishmen who are unduly depreciative 
of the British Army, but it is of fine quality and highly 
trained. It is therefore absurd to suggest that it is incap- 
able of guarding securely a single strategic point of such 
limited area as the English end of the Channel Tunnel. 

As the gauge of the proposed Railway will differ 
from that of the French railways, any raiding party 
coming through the Tunnel would have to be col- 
lected or transhipped at one of the railway stations or 
some other point on the proposed Railway ; in view 
of the heavy traffic and frequent train service on the 
Railway, English motormen and guards, with English 
passengers, would be continually working over the whole 
line from London to Paris and back, and any unusual 
concentration of troops on the Railway would be at 
once reported in London. 

If an invading force came through the tunnel by 
train during the night, stopping at the tunnel entrance 
at Monk’s Horton, the fact of an unauthorised train or 
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train stoppage would be instantly known to the signal- 
men in charge, who would be in telephonic communica- 
tion with their colleagues in the next box in the direction 
of London. 

Even if the wires were cut before they could speak 
to the neighbouring signal box, the occupants of the 
latter would discover that communication was inter- 
rupted, and in the ordinary course of their duty would 
advise headquarters. 

The military guard would also be instantly on the 
alert in the event of any unusual happening, and the 
bomb-proof observation post would naturally be in 
communication by underground telephone wires and 
wireless with other military depdts in the county and 
elsewhere. It is, therefore, impossible to believe that a 
raiding force passing through the tunnel could elude 
detection for more than a few minutes, and there are 
considerable forces of troops stationed at Dover, 
Canterbury, Shorncliffe, Maidstone, Chatham, and 
London, who would be immediately summoned by 
telephone and brought to the scene of action by motor- 
cars or by railway. In 1883, when evidence was given 
before the Select Committee on the Channel Tunnel, 
telephones had only just been introduced, wireless tele- 
graphy was in the experimental stage, and motor-cars 
were not invented, and the powers of reporting and 
promptly crushing a raiding party have been enormously 
increased since that date. 

If an attempt on the Channel Tunnel were made by 
sea, the nearest point is Hythe, which is about six miles 
distant. ‘This is three times as far from the sea as the 
entrance originally proposed at Dover. A force of 
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1,000 men could not be landed in less than one hour, 
and they would require two more hours to march to the 
mouth of the tunnel. Is it conceivable that this could 
be done without attracting the attention of the police 
or the coastguard who nightly watch our shores? The 
larger the force, the longer the time required for dis- 
embarcation, and the greater the risk of discovery. 
We will, therefore, assume that the invading force is 
limited to 1,000 men, without artillery, which could 
not be landed in the time allowed. We will further 
assume that they commence landing at 1 o’clock in the 
morning; that they escape observation; that they 
arrive at the fort at 4 o’clock, and it is in their hands by 
5 o'clock. Would not the first act of the commander, 
on hearing of the attack, have been to demand reinforce- 
ments by underground telephone and wireless, at the 
same time blowing up the land portion of the Tunnel, 
and, as the Tunnel mouth would be only 45 minutes 
distant from London by the proposed Railway, would 
not the invaders be secured in a few hours, even if 
they had captured the fort ? 

If warning is given by strained political relations, 
there is no difficulty in destroying the Tunnel; if a 
large raiding party is sent in a time of profound peace, 
discovery is certain; the alarm is given; the Tunnel 
is closed ; troops are called up from far and near, and 
the Navy is summoned by wireless to intercept any 
boats with members of the returning force on board. 
A smaller party would have a better chance of effecting 
a surprise, but they would have no opportunity of 
establishing themselves before an overwhelming force 
would be brought against them. 
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One feature which has distinguished the Great 
War from any which have preceded it has been the use 
of aeroplanes. 

A raid on the Channel Tunnel might be preceded 
by an aerial bombardment or an aerial gas attack. A 
bombing attack would announce itself, and as soon as 
the guard reported that an attack was in progress the 
commander of the garrison would destroy the tunnel 
in accordance with detailed instructions previously 
issued to him, and when the raiding party arrived they 
would no longer find it intact. 

A strong military patrol would always be provided 
to guard the tunnel at night; the possibility of a 
surprise gas attack would not be overlooked by the 
military authorities, who would provide protective 
apparatus and full regulations and frequent drill for 
the use of it in an emergency. However suddenly the 
attack might be made, it is impossible to believe that 
all the guard would be instantly incapacitated and 
would be incapable of giving the alarm, which would 
result in the destruction of the Tunnel. 

In addition, a considerable body of men would be 
working all night at the Monks Horton railway station 
and goods yard, situated in the immediate neighbour- 
hood of the Tunnel, partly in connection with the 
examination and repair of the permanent way of the 
Channel Tunnel; with cleaning and overhauling pas- 
senger rolling stock, and also with the arrival and 
parking of goods trains to the Continent, which would 
resume their journey as soon as the Tunnel was re- 
opened for traffic, after the nightly survey. The effects 
of the gas attack would not be confined to the Channel 
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Tunnel defence forts, they would spread to the adjoin- 
ing railway station and paralyse operations there. The 
working of the whole line would be suspended from 
the block at Monks Horton. Through the railway 
telegraph and telephone service, information of the 
attack would be transmitted to London, if necessary, 
entirely independently of the military authorities, and 
when the attacking force arrived they could hardly fail 
to find that adequate arrangements had been made for 
their reception. 

If England and France were at war, and both ends 
of the Channel Tunnel in the enemy’s hands, the 
approaches to the Tunnel would be ceaselessly bombed 
by our aeroplanes. The aeroplane is less suited for 
defence than for attack, and it is thought that even if 
the enemy had a very large numerical superiority in the 
air, it would not suffice to save the approaches to the 
Channel Tunnel from such damage as would render 
it absolutely useless to him. However camou- 
flaged, the railway lines would indicate the position 
with sufficient precision to our airmen, and long range 
guns would be trained on the Monk’s Horton entrance 
to the Channel Tunnel, the position of which would 
be accurately known. 

The French end of the Channel Tunnel would be 
only 34 miles from the coast at Wissant, and the English 
end only 6 miles from Hythe. Both these points 
would be within easy range of gunfire from our war- 
ships, and are situated in rather deep cuttings, which 
would crumble under high explosive, thus effectively 
blocking the railway approaches to the Tunnel. The 
problem would be simplified by the limited area of the 
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objective, thus permitting all gunfire to be concentrated 
on a single spot in England and one in France. Half 
a mile south of the French entrance to the Tunnel, the 
proposed Railway will be carried on a lofty embank- 
ment for some distance, or a viaduct could be substi- 
tuted, and the structure and trains travelling upon it 
in war time would offer an easy target to ships at sea. 

It will therefore be seen that even if it is con- 
ceded that a raid might be successful, there are 
numerous ways by which the use of the Tunnel could 
be denied to an enemy, and for this reason it is exces- 
sively improbable that the attempt would ever be made, 
and even more unlikely that if made it would be 
crowned with success. 

Efforts have been made to show that with the fall 
of autocratic dynasties the risk of war has been lessened, 
and that the modern inventions of telephones, wireless 
telegraphy, and motor-cars, all of which were either 
unknown or in their infancy in 1883, have entirely 
extinguished the remotest possibility of a successful 
surprise attack being made on the English end of the 
Channel Tunnel in a time of profound peace. In any 
other circumstances, the Tunnel entrance would be 
rigorously guarded, and the Tunnel itself destroyed if 
circumstances rendered it necessary. It is further 
thought that even if the entire Tunnel were in enemy 
hands, he could be denied the use of it by aeroplanes and 
gun-fire, and unless he changed the gauge of the Tunnel, 
he would have to tranship all his stores and munitions 
of war at points which would invite aeroplane attack. 
It is, therefore, respectfully submitted that the con- 
struction of the Channel Tunnel cannot in any respect 
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whatever endanger the national security, but that 
it will tend to strengthen it by providing increased 
facilities for intercourse and mutual understanding 
between ourselves and the French people. 


The Channel Tunnel scheme was revived in 1906 
by the Channel Tunnel Company, Ltd., and Sir 
Douglas Fox and Partners submitted a report to the 
chairman and directors of the company on the 1st 
January, 1907. This valuable and informative docu- 
ment is reprinted in the Appendix. No further 
parliamentary action was, however, taken at this 
time. 

On the 26th June, 1924, the Prime Minister, 
Mr. Ramsay MacDonald, received a deputation of 
members of the House of Commons Channel Tunnel 
Committee, who wished to urge on the Government 
the desirability of sanctioning the construction of the 
Channel Tunnel. 

Sir William Bull, chairman of the Channel Tunnel 
Committee, introduced the deputation, and explained 
that it was backed by at least 400 Members of Parlia- 
ment, representative of each of the three political parties. 

Mr. T. P. O’Connor, Mr. Bowerman, Mrs. Wintring- 
ham, Viscount Curzon, and Mr. Foot spoke in favour of 
the scheme. 

The Prime Minister said that they must all admit 
that circumstances had changed very much in reference 
to questions of strategy within the last few years. The 
whole question would have to be very carefully con- 
sidered from a practical and detailed point of view. He 
had, therefore, summoned a special meeting of the 
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Committee of Imperial Defence for next week to 
consider the matter and report to him about it. He 
wished to lift this question, as had been done so far 
very successfully, out of party politics ; he also wished 
to get the very best responsible advice from those 
who could speak with great authority on the subject. 
All the ex-Premiers had accepted the invitation to be 
present. 

Until the Committee of Imperial Defence had given 
its report on the subject, it would be very improper 
for him to commit the Government definitely to any 
view. There would be no delay beyond what was 
necessary to make an exploration of the question. 
What he wished them to believe at the moment was 
that they were interested in the project, and were 
taking steps to get the whole matter re-explored, so 
that without delay the Government might make an 
announcement in the House of Commons as to what its 
attitude was to be on the subject. 

The Prime Minister made his promised statement 
to the House of Commons on the 7th July, 1924. He 
said : 

“The Government have had under consideration 
the question of the Channel Tunnel, which was brought 
to their notice by the members of the House of Com- 
mons Channel Tunnel Committee. In a memorandum 
with which the committee were good enough to furnish 
me, it is stated that virtually 400 Members of this 
House have now declared their intention to support 
the scheme. Some Members attached the condition, 
to which the House of Commons Channel Tunnel 
Committee assented, that the approval of the naval and 
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military authorities and of the Committee of Imperial 
Defence should first be given, and the committee gave 
me to understand that the promoters would, in the 
absence of such approval, be unwilling to launch the 
project. 

“‘T accordingly decided to refer the matter to the 
Committee of Imperial Defence, and, partly in order 
to reinforce the Government by the opinion of those 
who had had the responsibility of deciding this question 
in the past, and partly with a view to removing it 
altogether from the sphere of party politics, I invited 
the four former Prime Ministers, who had been chair- 
men of the Committee of Imperial Defence (Lord 
Balfour, Mr. Asquith, Mr. Lloyd George, and Mr. 
Baldwin) to attend a meeting on the subject. 

“The members of the Committee of Imperial 
Defence, including the former Prime Ministers, were 
given all possible information bearing on the subject. 
Apart from several communications from the House of 
Commons Channel Tunnel Committee, including some 
notes on French official opinion and the verbatim notes 
of their deputation to myself, the committee were 
furnished with an exhaustive summary of the earlier 
history of the question. In addition, they had before 
them a series of papers on the subject prepared in 
several of the Government departments in the year 
1920. These included memoranda by the General 
Staffs of the three Services, as well as a very complete 
report prepared in 1920 by the Home Ports Defence 
Committee on the safeguards to be imposed from a 
defensive point of view if the Tunnel should be built, 
and the considered opinions of a number of Ministers. 
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Memoranda on the commercial and transport aspects 
of the scheme were furnished on the present occasion 
by the Board of Trade and the Ministry of Transport 
respectively. Finally, the Committee of Chiefs of 
Staffs met a few days before the main committee, and 
furnished a joint report on the military aspects of the 
problem. They supplemented this report by verbal 
statements at the meeting. 

‘“‘ Thus the committee had before them, not only the 
views of their predecessors, but a series of memoranda 
on the latest aspects of the project prepared in the light 
of war experience and post-war conditions. ‘There 
was, therefore, no side of the question on which the 
fullest possible information was not available. 

‘““T think that most of those present, like myself, 
had approached the subject with a certain predisposition 
in favour of the Channel Tunnel. When the evidence 
came to be discussed, however, it was found that every 
one had been forced to an opposite conclusion. The 
advice of the staffs of the Admiralty, War Office, and 
Air Ministry was against the project. While the scheme 
offered very slight attractions from a military point of 
view, it was found to involve considerable military 
disadvantages. 

““ From the point of view of security, the Committee 
of Imperial Defence do not wish to overstate the risk, 
but they are advised, as their predecessors were advised, 
that there is unquestionably an element of danger 
involved. While naval and military opinion in the 
past has differed considerably as to the extent of this 
danger, there appears no room for doubt that the 
existence of a tunnel would be bound to add something 
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to the anxieties of those responsible for national defence, 
to our commitments, and to our expenditure. And, as 
pointed out by Sir Henry Campbell-Bannerman in a 
statement on the subject in this House in 1907 : 

““* Even supposing the military dangers involved 
were to be amply guarded against, there would exist 
throughout the country a feeling of insecurity which 
might lead to a constant demand for increased expendi- 
ture, naval and military, and a continued risk of unrest 
and possibly alarm, which, however unfounded, would 
be most injurious in its effect, whether political or 
commercial.’ 

“<The committee were also advised that, if ever the 
Tunnel was built, Government ownership would tend to 
facilitate the taking of measures whether for its security 
or destruction. 

“Having examined the defence aspects of the 
question, the committee turned to its civil aspects in 
order to ascertain whether there were overriding 
advantages which would justify them in advising that 
the military risks involved should be run. The com- 
mittee were informed that the construction of the 
Channel Tunnel would have but little effect on the 
foreign trade of this country. The question of pas- 
senger traffic is alone important, and by it the Channel 
Tunnel scheme as a commercial enterprise must stand 
or fall. If, however, the Tunnel, when completed, 
succeeded in attracting passenger traffic to the extent 
which its promoters hope for, one result would be the 
gradual disappearance of the cross-Channel steamship 
services. 

“ As regards relief to unemployment, the Parlia- 
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mentary Committee estimate that on the Tunnel itself 
about 2,500 men would find employment on the English 
side, and an equal number on the French side of the 
Channel. There would, -in addition, be consequential 
employment elsewhere, and one of the estimates in the 
memorandum of the Channel ‘Tunnel Committee was 
for an over-all figure of 12,000 workers in Great Britain 
and 12,000 in France. 

“The Committee of Imperial Defence were unani- 
mous that the advantages of the Channel ‘Tunnel were 
not commensurate with the disadvantages from a defence 
point of view. Further, they took the view that all that 
has happened in the last five years in the way of naval, 
military, and air development has tended, without 
exception, to render the Channel Tunnel a more 
dangerous experiment. 

“That was the unanimous opinion of the Committee 
of Imperial Defence, who accordingly recommended 
that at the present time the Channel Tunnel ought not 
to be proceeded with. In view of this, the Government 
had no alternative but to accept the advice of the 
Committee of Imperial Defence.” 


On the 27th August, 1928, the great international 
Peace Pact was signed in Paris. Originally the con- 
ception of a distinguished French statesman, Monsieur 
Briand, the idea was extended by Mr. Kellogg, and the 
multilateral treaty condemning recourse to war for the 
solution of international controversies and renouncing 
it as an instrument of national policy in their relations 
with one another has been signed on behalf of the 
United States of America and all the principal countries 


CHANNEL TUNNEL AND NaTIONAL DEFENCE—II 193 


of Europe, including France, Great Britain, Germany, 
Italy, and Spain. 

Men of little stature may speak lightly of the treaty, 
saying that treaties have been broken in the past and 
may be broken again, but to those that have eyes to 
see, this treaty marks a great stage on the road to 
international peace. 

It is impossible to imagine that a great nation, whose 
dead lie with our own on unnumbered fields, which 
has drunk the bitterness of war to the dregs, and which 
has solemnly signed the Pact of Peace in her own capital, 
should break that Pact by a traitorous night attack on 
the Channel Tunnel in a time of profoundest peace. 
Perish the thought; it is inconceivable, even were our 
frontier as unguarded as that between the United States 
and Canada, the children of England and France in the 
New World. 

International trust is a plant of very slow growth, 
but progress is discernible if we compare the present 
position with that of a century ago. The period 
intervening has coincided with the introduction and 
development of the iron road all over Europe and 
elsewhere, which by providing improved oppor- 
tunities for international intercourse, has been a 
potent factor in the creation of good-will between 
nations. 

That the continuation and extension of this benefi- 
cent work by the construction of the Channel Tunnel 
should be obstructed without reason or explanation is 
little short of a tragedy, and there are many in this 
country who feel that this attitude casts an undeserved 
reflection on our great Partner in the late War. Surely 
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we may hope that this timorous and _ short-sighted 
policy will now be reversed. 

In the speech above quoted, Mr. Ramsey Mac- 
Donald stated that the Committee of Imperial Defence 
were unanimous that the advantages of the Channel 
Tunnel were not commensurate with the disadvantages 
from a defence point of view. The present scheme, 
however, contains several novel features ; the European 
political outlook, thanks in no small measure to the 
untiring efforts of Sir Austen Chamberlain, has become 
more settled, and it is thought that when the traffic 
facilities offered by the scheme have been duly weighed 
and considered, the balance of advantages might now 
be found to lie on the side of the Channel Tunnel. 
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30th July, 1927. 
Wm. Collard, Esq., 

20, Savile Row, London, W.1. 

Dear SIR, 

Complying with your request of 24th June for me to 
examine your estimates for the broad-gauge railway you propose 
between London and Paris, I submit herewith the results I have 
been able to arrive at. 

On 28th June you showed me your Maps with complete 
location of the route, sections and tabulated calculations of the 
quantities of your careful survey and estimates. 

My conclusions are that your quantities were most carefully 
determined, and that your estimates are sufficient for the works 
I have examined, provided that these works are energetically 
and loyally managed in the best interest of your project. 

Taking your headings in the order they occupy in your 
Summary of Estimates, I separate those upon which I have spent 
some time as follows :— 


Examined to some extent. Not examined. 
Land and compensations. 


Viaducts. 
Tunnels. 
Cuttings. 
Stations. 
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Examined to some extent. Not examined. 
Permanent way. 
Substations. 
H.T. Transmission, 
Sundries. 
Electric Track work. 
Junction. 
Rolling Stock. 
Hotel. 


Dwellings for dispossessed. 
Workshops and cottages. 
Omnibuses and vans. 
Survey. Legal and Parliamentary. 
Interest during construction. 


I appreciate your broad view of the problems involved and 
your independence of prejudices of those who for many years 
barred progress in connection with the Channel Tunnel in its 
former restricted form. (Under your scheme it is less than one- 
tenth of the route length.) 

Were they victims of that “ most insidious of all diseases 
which,” as Lord Balfour has said, “‘ comes upon those who, 
without losing their health or their intellect, nevertheless get 
somewhat petrified in the old courses which they have pursued, 
whose authority grew because they had been long in the public 
service, but who could not deal with the freshness and elasticity 
really desirable in connection with great problems perpetually 
arising in this changing world ” ? 

I offered to deliver this to you in so short a time that I have 
not opportunity, which I would like to rearrange the Appendix 
hereto containing details and costs on some other works, more or 
less similar to what you propose. Specific references are given 
to the sources of the information. 

Please advise me whether you want me to go further than I 
have gone. It would give me pleasure to have a hand in so 
admirable a project. 

Yours faithfully, 
(Signed) ‘THEODORE STEVENS. 
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CHANNEL TUNNEL: REPORT BY SIR 
DOUGLAS FOX AND PARTNERS 


The following Report on the project was presented to the 
Chairman and Directors of the Channel Tunnel Company on 
1st January, 1907 :— 

28, Victoria Street, Westminster, London, S.W. 

GENTLEMEN, 

1. In accordance with your instructions, we have given 
careful consideration to all the circumstances connected with 
the International work, for the construction and operation of 
which your Company was formed, and we have, as requested, 
considered and settled with your Engineer, Mr. Francis Brady, 
the detailed plans, sections and estimates for the application to 
Parliament which is now being made in order to obtain the 
necessary authority to proceed with the works. 

z. We have also placed ourselves in communication with 
M. Sartiaux, the General Manager of the Chemin de Fer du Nord, 
and have had personal interviews with his representative, M. Paul 
Emile Javary, and we have visited Dover, Sangatte, and Paris, 
and inspected the models, showing the respective plans of the 
British and French Companies. 

3. The numerous proposals which have, during many years, 
been put forward for bridges over the Channel, for train ferries 
on the Channel, and for tunnels under the Channel between. 
Dover and Calais, show the importance which attaches in public 
opinion to the question of improving the means of communica- 
tion between Great Britain and the Continent of Europe. A full 
description of these, and of the communications which took place 
between the British and French Governments, will be found in a 
report by M. Sartiaux. 
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4. Of the first, the most noteworthy are: Thomé de 
Gamond’s suggestion of 1857, to bridge the Straits between 
East Ness Corner and Calais; A. Motiers’ proposed bridge 
between the South Foreland and Cap Grisnez in 1875 ; a bridge 
designed by Messrs. Schneider et Cie., H. Hersent and Sir 
Benjamin Baker, to pass over the Varne and Colbart Banks, 
estimated cost £34,000,000; and a similar scheme by Renard 
in 1890 for a shorter bridge between Cap Blancnez and South 
Foreland, estimated cost £28,320,000. It is here interesting to 
note that M. Renard in a survey of the Channel bed found that 
it was composed of regular, homogeneous beds of chalk. Speaking 
generally, bridge schemes have failed through their great initial 
cost, the expense of maintenance, opposition from navigators, 
difficulties of deep foundations, and liability of the works to be 
destroyed by storms. 

5. Of the second, Thomé de Gamond’s proposal in 1837 for 
a ferry. Between 1862 and 1870, Sir John Fowler brought 
forward several schemes for train ferries on lines suggested by 
Mr. Evan Leigh, and clients of ours, in conjunction with a French 
company, applied for similar powers in 1905. ‘These schemes 
failed through opposition from the Admiralty and from harbour 
authorities. An Act was passed in the last session of Parliament 
giving general powers to the last-named combination, for such a 
ferry, but without defining its exact position. These projects, 
though economical from a capital point of view, would not relieve 
traffic from the uncertainties of the sea and weather, and from 
the dangers of navigation, and would still involve delays. 

6. Of the third or tunnel projects the following amongst 
many others may be mentioned: In 1802, a French mining 
engineer, M. Mathieu presented to Bonaparte a scheme for a 
submarine tunnel, which was personally supported by the British 
statesman, Charles James Fox; Thomé de Gamond’s proposal 
in 1859, for a tunnel through the chalk, from Eastware Bay to 
Cape Grisnez, approved by Brunel, Locke, and Robert Stephenson. 
The same project was revived in 1867, and the Channel Tunnel 
Company, formed under the auspices of Lord Richard Grosvenor, 
Sir Edward Watkin, and the South-Eastern Railway Company 
brought forward a similar one in 1883. ‘The Bill deposited by 
this Company was rejected, largely on military grounds, by a 
Select Committee in July, 1883. 
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Tunnels have also been suggested by J. F. Smith in 1861, 
and by Zerah Colburn, Thomas Payne, P. T. Bishop, and 
others. 

7. Great improvements have, of late years, been introduced 
into the Cross-Channel service, but serious delay and much 
discomfort and inconvenience still arise from the necessity for 
double transhipment, and from the passage itself. We have met 
with a very general opinion that through and uninterrupted 
communication would be of great advantage and convenience, not 
only for passengers and light and perishable goods, but also for 
heavy traffic. The existence of through communication between 
Dover and Calais would undoubtedly tend to increase the 
transatlantic trade from British ports. 

8. The preliminary operations of the two companies at 
Dover and Sangatte have been of importance, to a great extent 
as a practical test of what may be anticipated in carrying out the 
proposed works. 

(a) Dover.—A gallery 7 feet in diameter and of true circular 
form was driven in 1882-1883 from the west side of Shakespeare’s 
Cliff by Colonel Beaumont’s boring machine. It was completed 
on a descending gradient of 1 in 80 for a total distance of 2,300 
yards, when the works were stopped, the present face being under 
the sea near the former end of the Admiralty Pier. ‘The gallery 
is throughout in the grey chalk, and it proved to be almost dry. 
The volume of water entering the entire length of the heading is 
said to have only amounted to 14 gallons per minute, which 
gradually diminished. Considering that no iron or brick lining 
was employed, this amount of water is a negligible quantity. 

The engine-wright, who had charge at that date of the 
machinery, informed us that a piston pump 4 inches in diameter 
was only required to work half a day in a fortnight, in order to 
keep the gallery dry. 

(6) SancaTte.—According to the Report of the Committee 
presented to the French General Assembly, gth May, 1883, a 
total length of 1,839 metres (2,009 yards) of similar gallery was 
driven up to the date when the works were stopped on 18th March, 
1883. This gallery was chiefly carried out by means of Colonel 
Beaumont’s boring machine, and, in consequence of the men 
becoming accustomed to the work, as much as 115 yards were 
executed in six days, 
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The present “‘ face” of this gallery is under the Channel, 
800 metres from the beach, measured at right angles to the coast. 

The depth of the sea at this point is 27 feet below low water, 
and the thickness of “ cover ” is about 100 feet. 

We understand that the quantity of water entering the gallery 
was about 400 gallons per minute. 

This experimental gallery was unlined. 

We are informed that, although the water in the shaft rises 
and falls with the tide, the volume is very small and the infiltration 
is slow, as indicated by the fact that, with a rise and fall of tide of 
18 feet the water in the shaft rises and falls only to the extent of 
a few inches. 

g. We have studied the opinions of the eminent geologists 
who have dealt with the strata met with on both sides of the 
Channel. 

10. The strata which form the coast of England between 
Dover and Folkestone, and of France between Sangatte and 
Wissant, and which lie beneath the English Channel between 
those points, dip in a northerly direction. 

In 1876 and 1877 the French geologists, Messrs. Potier and 
Lapparent, took some 7,600 samples of the bottom of the Channel, 
3,267 of which they were able to utilise. It was found from these 
that the lines of outcrop of the strata are very nearly parallel to a 
line drawn from Folkestone to Sangatte. 

By noting the composition of these samples, and the position 
from which they were taken, it is possible to follow the outcrop 
of the strata which appear in Shakespeare’s Cliff, and in the shafts 
sunk close to it, the whole way across the Channel to the coast 
between Sangatte and Escalles. 

The geological system to which these strata belong is the 
Cretaceous, which is divided into two divisions, upper and lower. 
It is only necessary to deal with the upper (Fr. Série Supra- 
Crétacée). ‘This is divided into four sub-divisions, the lowest 
being the (a) Gault and Upper Greensand (Fr. Albian), followed 
by the (6) Lower Chalk (Fr. Cenomanian), (c) the Middle Chalk 
(Fr. Turonian), and (d) the Upper Chalk (Fr. Senonian). 

These successive strata are very clearly seen in the cliffs on 
the French coast between Escalles and Sangatte. They incline 


gently from the top of the cliffs to the beach in a north-easterly 
direction. 
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11. The following are the chief characteristics of these beds 
(the thicknesses given having been measured at the Channel 
Tunnel experimental shaft at Sangatte, and at the shafts sunk 
near Shakespeare’s Cliff, Dover) :—- 

(a) The Gault and Upper Greensand are equivalents of one 
another, formed contemporaneously, under different conditions 
of sedimentation. The Gault is a dark, stiff, blue and sometimes 
sandy clay; the Upper Greensand, an inconsistent group of 
greenish sands and sandstones. 

(6) Above the Gault and Upper Greensand comes the 
Lower Chalk, at the base of which is a well-defined band of 
Glauconitic or Chloritic Marl (Fr. Craie Glauconieuse) 11 
feet thick near Dover, 10 feet 6 inches thick at Sangatte; a 
greenish chalk containing grains of Glauconite and Phosphatic 
Nodules. 

Above this lies a layer of Chalk Marl (Fr. Craie Marneuse), 
23 feet thick at Dover, 29 feet at Sangatte, a clayey chalk, 
impervious to water. 

Above this comes the great body of the Lower or Grey Chalk 
called by the French, Crate Grise and Craie de Rouen, at Dover 
87 feet thick, at Sangatte 80 feet. It is a compact impervious 
stratum of greyish-coloured chalk, containing no flints, and, so 
far as can be ascertained, free from fissures and slides. It is in 
this bed of chalk that it is proposed to construct the Tunnel, as 
being a most excellent material in which to work, and one which 
possesses the peculiar property of gradually ‘“‘ puddling ”’ itself 
and becoming impervious. 

(c) Above comes the Middle Chalk, white in colour, containing 
a few flints, and at its base a band of hard nodular chalk (Melbourn 
Rock). 

a division between the Middle and Lower Chalk is well 
marked on the cliffs, west of Sangatte, by small springs of water 
and lines of vegetation growing on the face of the rock. The 
water which has found its way through the Upper and Middle 
Chalk is unable to pass through the impervious Lower or Grey 
Chalk and trickles out, on the face of the cliff, at the junction of 
the two strata. 

(d) The Upper Chalk is a mass of white pulverant chalk 
containing scattered flints. It forms the upper portion of the 
Shakespeare’s Cliff near Dover. The Upper and Middle Chalk 
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contain a considerable amount of water, which percolates through 
the lines of flints. 

12. Asa result of our interviews and frequent communications 
we find ourselves in complete accord with the French engineers 
upon the following essential questions :— 

(a) That the proposed Tunnels can be constructed throughout 
in the Lower or Grey Chalk, a stratum very homogeneous, 
practically free from, and remarkably impervious to, water. 

(b) That the occurrence in the Grey Chalk under the Channel 
of water-bearing fissures is improbable, but not impossible. 

(c) That the presence of any such fissure can be foretold with 
certainty, and without risk to the men employed, by providing 
a pilot drill to be attached to the boring machine, an advanced 
trial hole being thus always kept in front of the excavation. 

(d) That, should such a fissure be encountered, due precau- 
tions can be taken according to well-tried engineering methods, 
which, in the opinion of the French engineers and ourselves, 
would ensure the work being carried past the fault, any water 
arising from such fault being duly excluded. 

(In the Mersey Tunnel and elsewhere we have encountered 
fissures which we have thus dealt with successfully.) 

(e) That a Drainage Heading should be driven from each 
side of the Channel rising towards the centre and connected at 
Dover and Sangatte with shafts for pumping and winding. 

(f) That the Main Tunnels should consist of two “ single 
track” circular tunnels, each of 18 feet nett internal diameter, 
and thus large enough to accommodate the rolling stock of the 
British and French main lines, except only their locomotives, 
for which would be substituted electrical locomotives of ample 
power to deal with the heaviest trains running upon the main 
lines. 

(g) That there are several great advantages to be derived from 
this plan, as compared with the construction of a double ‘‘ two- 
track’ tunnel, viz. the vertical dimensions are much reduced, 
thereby rendering it easier to adjust the position of the tunnels 
in the Grey Chalk; the ventilation of the works, both during 
construction and after completion is rendered simpler, and more 
efficient ; the cost of any lining is much reduced ; and the work 
can be more readily carried out by the well-tested system of 
shield, combined with mechanical excavators. 
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(2) That the Tunnels should at frequent intervals be con- 
nected by cross passages with air-tight doors, thus rendering it 
easy to introduce currents of air, and to exchange workmen from 
one Tunnel to the other. 

(2) That the Tunnels should be well lighted and thoroughly 
ventilated, and the traffic worked by electricity. 

13. Dealing now with the Specification for the Works which 
would devolve upon the British Company to execute, we propose 
to provide for two “ single-track ” Tunnels as above-mentioned, 
12 miles in length from high-water mark to the middle of the 
Channel, each of 18 feet nett internal diameter, one for the “‘ Up,”’ 
the other for the ‘‘ Down” traffic, to be driven chiefly on a 
descending gradient, but with a slight rise near the centre of the 
Channel. ‘These tunnels would be placed some 36 feet apart, 
measured from centre to centre, but connected together at 
frequent intervals by cross galleries, in this respect being very 
similar to the Simplon Tunnel. 

14. The Tunnels to be driven by shields (the débris being 
carried by electrically driven belts to the waggons, which will be 
removed in trains hauled by electric locomotives), and to be 
lined throughout with cast-iron segments of ample strength to 
resist any possible pressure, and grouted on the outside, in the 
usual manner, by means of the ‘“‘ Greathead ” grouting machine. 
By this method the outside of the Tunnel is completely surrounded 
by a covering of cement, which not only prevents leakage into 
the Tunnel, but also preserves the plates from corrosion on the 
outside. 

After the plates are in position, the inner face would be lined 
with concrete in cement, and lime-washed, thus providing a 
smooth interior surface, so that in case of derailment of a train 
but little damage would accrue, owing to there being no projection 
or obstruction which could foul the vehicles. ‘This lining would 
preserve the plates from corrosion on the inside and would also 
materially assist the ventilation. 

15. The length of Tunnel under the land would be of ordinary 
construction for a double line, and be lined with brickwork. 

16. In certain places, where the necessities of the work of 
construction, or of the traffic, demand it, an enlarged cross- 
section of tunnel would be provided, where the hauling machinery 
for removing the débris could be placed, and where pumps and 
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ejectors for freeing the Tunnel from water could be fixed. These 
would also serve as block stations for the signalling equipment, 
when traffic is running. 

17. At frequent intervals along the entire distance, cross 
passages would be constructed, fitted with air-tight doors of 
suitable design. These galleries should be placed obliquely in 
order to facilitate the passage of trains of material both from and 
to the advanced faces and for the primary ventilation. 

Thus the construction trains, as also the main air current, 
could enter by one of the main tunnels, and crossing over by the 
most advanced oblique passage, return by the other tunnel. 

The secondary ventilation would commence at the last oblique 
passage. 

Upon the completion of the work these galleries would, as 
before mentioned, serve as means of communication between 
the tunnels for the workmen on the Railway. 

18. Having thus described the general arrangement and design 
of the permanent Tunnels, it is necessary to consider the important 
question of the Drainage Heading, which would be the first work 
to be proceeded with. 

19. In order that the Drainage Heading may be proceeded 
with independently of the works of the Main Tunnels, and to 
facilitate the conveyance of spoil and the clearance of any water 
that may be met with, it is proposed to adopt the system we 
employed in the case of the Mersey Tunnel—and which is also 
to be adopted by the French engineers—of introducing a falling 
gradient of, say, 1 in 500 from the lowest point of the Tunnel on 
the British side to the pumping shaft near Dover. This Heading 
would be driven by a shield and connected with the Tunnels at 
such points as may be found desirable, thus rendering it of great 
service, not only for drainage purposes and for the removal of the 
excavated material, but also as supplementary to the main system 
of ventilation. 

This Heading will probably have to be lined with cast iron, 
the plates having their edges planed and securely bolted together. 
These plates would be of sufficient strength to resist the full 
pressure, and, when grouted up, would be watertight. The only 
possible water-yielding area would thus be the actual face exposed, 
and one length of chalk to be covered by the next ring of cast 
iron. 
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The Drainage Heading would be excavated by means of the 
Beaumont or other approved cutter or of Price’s electrical digger, 
now largely used in the tube railways of London. These machines 
work on a central shaft, an important feature as will be seen later. 

20. An advance of 5 feet per hour can be secured both in 
excavation and also in the fixing of the iron lining ; but allowing 
for inevitable delays and for the long distances from the shaft, 
we are of opinion that, with properly designed machinery and 
arrangements, a speed of 2} feet per hour can be relied upon for 
six days in the week, it being desirable and necessary not to drive 
on the seventh, the men requiring rest and the machinery slight 
repairs. 

Assuming 17 yards per day can be maintained for six days 
per week, this would represent an annual progress of about 
3 miles at each face, occupying a period of four years to drive the 
Drainage Heading from the English to the French shaft (24 miles). 

Three shifts of men would have to be employed, and the 
changing should take place below and on the spot, no stoppage 
of work being allowed. ‘This was the system in the case of the 
Simplon Tunnel, where the drills never stopped even whilst 
the shifts were changing. 

21. An emergency door would always be kept in position 
near the face of the Heading, not so much for actual use, but 
rather to induce confidence in the minds of the men at the front. 

22. The diameter of the Drainage Heading is a matter of 
importance. Up to the present time the preliminary work has 
been carried out with a diameter of 7 feet. But, as this heading 
will have to serve for the line of communication for all labour and 
material required for the execution of the Tunnels it is essential 
that it should be of sufficient size to allow of two sets of waggons 
passing one another, and, at the same time, to leave sufficient 
space for air, water and power pipes, cables, etc. In our opinion 
it should not be less than 11 feet nett internal diameter. 

There will be several break-ups into the Main Tunnels, and 
each will yield a large amount of excavation, and will also require 
a considerable tonnage of cast-iron plates to be delivered with 
strict regularity, and consequently a complete line of way in each 
direction is, in our opinion, important. 

23. As soon as it is decided to proceed with the work we would 
recommend the following course to be adopted : 
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The Drainage Heading would be commenced and driven 
ahead, at as high a speed as was found to be practicable, it being 
a matter for the Directors to decide whether this should be 
completed before proceeding with the Main Tunnels, or whether 
they should be carried forward at the same time. 

The break-ups or commencement of enlarged sections of the 
Main Tunnels already referred to would be made where the chalk 
had been found most suitable, and at each break-up a full-sized 
shield would be erected in order to permit of the excavation to the 
full external diameter of, say, 20 feet. 

These large shields would be fitted with hydraulic or electric 
erectors, which we have previously employed, and which act like 
a human arm, take hold of the plates, lift them up and hold them 
in position until bolted in place. 

This system of construction has been adopted in the latest 
instance of subaqueous work, namely, the Rotherhithe Tunnel 
now being built for the London County Council, and has proved 
highly successful, a pilot heading 11 feet 6 inches in diameter 
having been driven in advance, the larger tunnel 30 feet 8 inches 
in diameter following. 

24. Each ring, as it is put in position, would be bolted up 
and grouted, so that, as already described, the only portion of the 
chalk laid bare at one time would be the actual working face, and 
a length of boring equal to one ring of plates. 

25. Should broken ground or a fissure be encountered, 
arrangements would be made for fixing a miner’s wedging crib 
in the nearest sound bed of chalk. ‘This crib would consist of 
a ring of cast iron in sections, tightly wedged up with dry pitch- 
pine wedges and grouted, so as to prevent water travelling behind 
the plating. 

So soon as the broken ground is passed and good solid chalk 
again reached, a second wedging crib would be fixed, and thus 
any water coming through the disturbed strata would be 
imprisoned between the two cribs, and prevented from travelling 
along outside the tunnel. 

26. It will be necessary to keep an efficient supply of air 
throughout the entire length of the heading for the men employed. 
This can best be effected by bratticing off the upper portion of 
the heading, thus forming a conduit of the required size for the 
volume of air, which would be blown in by high-speed fans. 
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When the break-ups are begun, this conduit will also have to 
provide air for the men working at these enlarged faces, until the 
second tunnel and crossways are in progress. The ventilation 
can then be effected in a manner similar to that adopted at the 
Simplon. In that case there are two parallel galleries with 
connecting traverses. Fans blow the air in at the end of one 
tunnel, and, after travelling up to the most recently excavated 
traverse, it returns by the other tunnel. 

This is known as the primary ventilation, and the volume of 
air is sufficient to keep all the galleries and traverses in a perfectly 
fresh condition. 

27. To ventilate the advanced end at the face, secondary 
ventilation would be adopted, so as to effectually prevent the 
stagnation of air so common in advanced galleries of tunnels and 
mines, and enable the men to work with vigour and in comfort. 

28. The question of the permanent ventilation has received 
our very careful consideration, and it may be desirable to state 
briefly how it would be dealt with when the Railway is open for 
traffic. 

In the case of long tunnels, worked by steam locomotives, 
the most efficient system has been found to be: blowing the air 
against the traffic, by which means the driver and fireman upon 
whom the safety of the train depends, are kept in fresh air and 
free from smoke and steam. But in the case of electrically 
worked tunnels, where no products of coal combustion exist, 
the reverse is the better plan. The air will thus be blown in the 
same direction as that in which the train will be travelling, so 
that they will assist and not retard the current. 

The traffic being electrifically operated, the volume of air 
required is very largely reduced. 

We have assumed, as a maximum, a passenger train, each 
way every ten minutes, carrying 500 people. The volume of 
air per minute required to keep the tunnels pure and fresh will 
be about 45,000 cubic feet on each line of way, travelling at a 
velocity of 6 feet per second, which is equivalent to a very light 
breeze. There will be no difficulty in dealing with this—it 
being far less in proportion than we have had to provide elsewhere. 

The power required to induce this current of air, assisted 
as it will be by the trains themselves, will not be large, and the 
entire problem is simple as compared with that in many large 
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collieries in which not only are far greater volumes of air blown 
through, but the length of passages through which the air has to 
be driven or exhausted is considerably greater and impeded by 
bends, which will not exist in this case. 

29. The prevention of fire in the trains is also one to which 
much attention has been devoted. Fires which have occurred 
on electric railways, both in England and in other countries, 
have been due either to the motors or to improper “ wiring ” 
on the carriages. But in the case under consideration there 
will be no wiring necessary on the existing rolling stock. In 
the case of specially built rolling stock for the London and 
Paris and other expresses, no inflammable material should be 
used, and as the motors of the electric locomotive will be 
“armoured ” against fire in case of short circuiting, no danger 
would arise as regards the electrical working even from the 
employment of ordinary rolling stock. 

Assuming, however, that in spite of precautions any stoppage 
should occur in the tunnels, the passengers would readily pass 
along the tunnels in the rear of the train, where ample space 
will be available, as a footpath, clear of the electrical conductors. 
The passengers would thus be free from smoke, in consequence 
of the direction of the current of air always blowing from the rear 
of the train towards the front. 

In consequence of the large diameter of the tunnels the electric 
conductors can be so placed as not to obstruct the permanent 
way or interfere with repairs. 

30. The tunnels would be lighted throughout by electricity, 
and a separate and special circuit will be provided so that in the 
event of the main traction current failing, the lights in the tunnels 
will not be extinguished. The carriage lighting would be 
independent, each vehicle carrying its own store of light. 

31. Similar sanitary and hygienic regulations to those so 
successfully adopted at the Simplon Tunnel will be enforced 
during the progress of the works. 

32. The French engineers have satisfied themselves as to the 
best position for the sorting sidings and station at Sangatte, and 
as to the site for the deposit of their moiety of the excavation from 
the shafts, heading, and tunnels. We concur in their views. 

33. The plans and sections, as now prepared and submitted 
to Parliament for the proposed Approach Railways on the British 
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side, provide sorting sidings and a station near Maxton, just 
within the Borough of Dover. 

These railways are well laid out to accommodate the traffic, 
and, in conjunction with the station, where the exchange of steam 
for electric locomotives and all necessary sorting of traffic will take 
place, will provide full and complete means of communication 
with both the existing main lines between Dover, London, and 
the rest of England. 

The station will be easily approached from Dover by an electric 
tramway, which passes very near the site. 

In the immediate vicinity there is a deep valley, affording a 
site for the deposit of spoil. 

34. Good sites are also available for the generating stations, 
and one of the first operations would be to instal a portion of the 
plant for construction purposes. 

35. Summing up the engineering questions relating to the 
proposed Tunnel, we agree with M. Sartiaux and Mr. Brady 
in the opinion that the enterprise is one that can be carried out 
with certainty, and at comparatively moderate cost, the geological 
and other conditions being of an exceptionally favourable character 
for the construction of a submarine tunnel. 

36. We have not felt it to be within our province to express 
any opinion upon the question of the best precautions to be taken 
to secure the Tunnel against its being made use of for aggressive 
purposes in case of war. 

Foreign Governments, and notably the French, Swiss, and 
Italian military authorities, have introduced protective works in 
connection with the great Alpine tunnels, which could be readily 
reproduced in this case, the levels of the proposed Tunnel lending 
themselves to arrangements which would give each nation 
complete and independent control of the portion lying on its 
side of the centre of the Channel. 

37. On the French side, it has been proposed to approach the 
Tunnel over a viaduct, which would be exposed to fire from the 
sea, and could thus be destroyed if required. 

38. The mouth of the Tunnel on the English side, and the 
station near Maxton, lie fully exposed, as was recommended by 
the Parliamentary Committee, to both direct and plunging fire 
from the existing Citadel and Heights of Dover, whilst heights to 
the north of the site could be readily fortified. 
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39. We estimate the cost of the British half of the undertaking, 
including the purchase of land and buildings and the existing 
works at Dover, the electrical installation, the Drainage Heading 
and its shafts, winding and pumping machinery, the land 
approaches, the sorting station and the sidings, signals, and the 
junctions with the South Eastern and Chatham main lines, 
with administration, parliamentary expenses, legal and engineering 
charges, interest during construction and financial expenses, 
with the necessary provision for contingencies, at {8,000,000 
(eight millions sterling). 

We are, 
Gentlemen, 
Yours faithfully, 
(Signed) DoucLas Fox AND PARTNERS. 
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ESTIMATE FOR ROLLING STOCK 


Standard train for Continental traffic. 


3 Ist and 2 3rd-class coaches to average £7,000 each 
1 Dining car ... aoe an vee aE als 

1 Luggage van, or 2 halves, one at each end of train 
1 3rd-class coach to occasionally replace dining car 

rt Locomotive ses ee : 


Total 


Accommodation, 300 1st-class and 264 3rd-class passengers, 
total 564; or when the additional 3rd-class coach is run 
in place of the dining car, 696 passengers. 


Standard train for Outer Suburban traffic. 
I 1st and 2 3rd-class coaches =3, to average £7,000 
1 Luggage van, half at each end of train ies 
1 Locomotive 


Total 


Accommodation, 100 rst-class and 264 3rd-class passengers, 
total 364, with corridor stock ; or non-corridor, 120 Ist- 
class and 352 3rd-class ; total 472 passengers. 


Standard Electric Motor train for Suburban traffic. 
6 vehicles, in two sets, each composed of two motor 
vehicles and one trailer. 
4 motor coaches at £9,000 
2 trailer coaches at £6,000 


Total aes 
Accommodation, 96 1st-class and 352 3rd-class passengers, 
total 448 passengers per set, or 896 passengers per 6-car 
train. 
213 


21,000 
5,000 
15,000 


41,000 


36,000 
12,000 


48,000 
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Single-car rail motors. £ 

Cost : : see ae ae : 9,000 
Accommodation, 24 1st-class passengers and 128 3rd-class 

passengers, 152 in all. 
Covered waggons for Continental freight trains. These 

will be 40 feet over buffers, 12 feet 6 inches overall width, 

and carried on two bogies each; they will be fitted with 

Westinghouse or vacuum brakes, and close coupled with 

automatic couplings. The tare weight would be about 

25 tons, and the maximum safe load about 40 tons. In 

the following calculations an average load of 25 tons per 

vehicle will be assumed. 
Cost per waggon sy ws see ace 508 sae 1,000 
Covered and open waggons for merchandise and mineral 

traffic, locally in England and France. Dimensions as 

above. 
Average cost per waggon ie fe = at ae 850 
Locomotives for Continental freight trains, also goods and 

mineral traffic locally in England and France. 
Cost per locomotive... ae nes see ae a 20,000 
Diesel electric locomotives. 

1st class, 1,000 h.p. ... Shc ae ae an as 18,000 

2nd class, 100 h.p,. ... ha Sue ae Bee ne 4,000 

ENGLISH SECTION. PASSENGER TRAINS. 
Trains Nos. 1 to 6 London—Paris service. 
» 7 to 9 London—Boulogne service. 

9 trains. 

5 add 50 per cent. for spares 

14 trains at £80,000 ... eee aoe eee ae Sct 5120000 


Trains Nos. 18 to 37=20 less 4 (see below) = 
16 London, Maidstone and Ashford. 
8 add 50 per cent. for spares. 


24 trains London, Maidstone and Ashford service at 
Heme eretey Gor acs oe 3as 500 ies S80 984,000 


4 trains in above service for use in rush hours to be as 
Continental services. 
4 trains. 
2 add 50 per cent. for spares. 
6 trains London, Maidstone and Ashford service at 
£80,000 ... soe 5 as one ae .. 480,000 
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Electric motor 6-car trains for London suburban district £ 
Nos. gt to 108. 
18 trains. 
g add 50 per cent. for spares. 


27 Electric motor trains at £48,000 on oe ++» 1,296,000 


Single car rail motors. 


_2.add 50 per cent. for spares. 
6 Electric rail motors at £9,000... ao: Sue ae 54,000 


FREIGHT TRAINS, LONDON AND THE CONTINENT. 


1. Waggons. 
Estimated annual earnings ... ..  £9,749,999 
or aes ++» 2,339,999,760 pence. 
at 24d. per ton-mile equals © ... 1,039,999,894 ton-miles. 
Divided by 300 equals xO ss 3,466,666 ton-miles per day 


Assuming that half of these ton-miles 
travel between London and Paris, 
and half between London and 
Boulogne, and vice-versa, we have 
between London and Paris ate 1,733,333 ton-miles. 
Divided by mileage, 253, we have 6,852 tons carried daily 
between London 
and Paris in 6 
hours 20 minutes 


(40 m.p.h.). 
Assuming average load of 25 tons per 
waggon, and one journey per day, 
number of waggons required was 275 
Or, two journeys per day... ai 138 
London and Boulogne as ne 1,733,333 ton-miles. 
Divided by mileage 112, we have ... 15,476 tons carried daily 


between London 
and Boulogne, in 
2 hours 48 minutes 
(40 m.p.h.). 
Assuming average load of 25 tons per 
waggon, and one journey per day 
number of waggons required a 620 
Each waggon in this service should 
make two double trips per day, 
reducing number required to... 155 
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Total waggons required for goods 
traffic between London and Con- 
tinent and vice-versd, with approxi- 


mately 12 hours actual running per 


day, 138 and 155= de 

Say 300 and add 100 per cent. for 
spares Roe 

Cost of 600 waggons at ty Be 000 

Cost of 300 waggons charged to 
English section ee 


2. Locomotives. 


14 loaded waggons each weighing 50 
tons gross, tare 25 tons, net load 
25 tons, give a gross train load be- 
hind the locomotive of ae 

With the exception of the exits from 
the Channel Tunnel, at 1 in 165 
and 1 in 185 respectively, the 
gradients on the route will be very 
favourable, and will not exceed 
I in 705. 

300 waggons in 14-waggon trains 
require 

The average noeed lof the « express 
goods trains will not be materially 
in excess of that of the stopping 
passenger trains on the slow lines, 
and it should not be difficult to work 
an appreciable number of them 
during the daytime. Additional 
jocomotive power could be pro- 
vided on the Channel Tunnel sec- 
tion, which will have only one 
track in each direction, to avoid 
unduly prolonged occupation of 
tunnel by goods trains to detriment 
of express passenger traffic. Extra 
for double heading... ree 

28 Continental freight train locomo- 

tives. 

14 add s0 per cent. for spares. 

42 Continental freight train locomo- 
tives at £20,000 


Cost of 21 locomotives charged to 
English section ao et mee 
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293 


600 
£600,000 


£300,000 


700 tons. 


22 locomotives. 


6 locomotives. 


£840,000 


£420 000 
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FREIGHT TRAINS FOR SERVICE ON ENGLISH SECTION ONLY 


1. Waggons. 


Estimated annual earnings ... nee 
or ae 

at 2d. per ton-mile equals... 

Divided by 300 equals 

Maidstone will be 33 miles fro 
London, Ashford 51, and Monks 
Horton 57 miles. Traffic for desti- 
nations short of Maidstone will 
probably travel by road. 

Average length of haul is assumed 
to be ; 

160,000 perniles grvided By. mieece 
40 equals se : 
At 25 tons per waggon, assuming 

length of travel only 40 miles per 
day, number of waggons required 
oes in ene 
Spares .. 


Total ae 

Average price, including Goer Gal 
waggons 

Cost of 800 waggons & £8 ro. 


£400,000 
96,000,000 pence. 
48,000,000 ton-miles, 
160,000 ton-miles per day. 


40 miles. 


4,000 tons daily. 


160 
500 
140 


800 


£850 
£680,000 


2. Locomotives. 


14 loaded waggons each weighing 50 
tons gross, tare 25 tons, net load 
25 tons, give a gross train load 
behind locomotive of 

160 waggons in 14-waggon trains 
require ote Ace 


Averaging express and stopping goods 
trains, a locomotive with train will 
easily cover the distance of 577 miles 
from London to Monks Horton 
four times in 24 hours, therefore 
number of locomotives required is 
3, say 

4 locomotives. 

2 add 50 per cent. for spares. 


6 locomotives at £20,000... ae 


700 tons. 


12 locomotives. 


4 locomotives. 


£120,000 
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Diesel electric locomotives. 
8 1st class at [18,000 ... wa ae £144,000 
8 and class at £4,000... oes ee 32,000 


ENGLISH SUMMARY. 


Passenger trains : 
London to Continent 
Outer Suburban short trains 
$5 3 long trains 
Suburban electric motor trains . 
Rail motors 
Freight trains : 
London to Continent, waggons ... 


re aA locomotives 
English district, waggons 
., locomotives 


Diesel electric locomotives 


Total = ae 


FRENCH SECTION. PASSENGER TRAINS. 


Trains Nos. 10 to 14, Paris—London. 
5 15 to 17, Boulogne—London. 
. 38 to 46, Paris—Boulogne—Wissant. 
17 trains. 
9 add 50 per cent. for spares. 


26 trains at £80,000 ees ses see 


Trains Nos. 47 to 67 Paris-Amiens, and Amiens—Wissant. 
2i trains. 
11 add 50 per cent. for spares. 


32 trains at £41,000 


Electric motor 3-car trains, Nos. 68 to 90, for Paris subur- 
ban district, also Boulogne district. 
23 trains. 
3 add three trains to make 3 6-car trains for rush hours. 
26 
13 add 50 per cent. for spares. 
39 electric motor trains at £24.000 ess Sas ase 


£176,000 


£1,120,000 
984,000 
480,000 
1,296,000 
54,000 


300,000 
420,000 
680,000 
120,000 
176,000 


£5,630,000 


£2,080,000 


£1,312,000 


£936,000 
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Single-car rail motors. 
4 
2 add 50 per cent. for spares. 
6 electric rail motors at £9,000 £54,000 

FREIGHT 'TRAINS, THE CONTINENT TO LONDON. 

Cost of 300 freight waggons charged to French section £300,000 
Cost of 21 locomotives charged to French section me £420,000 


FREIGHT TRAINS FOR SERVICE ON FRENCH SECTION ONLY. 


Estimated annual earnings 
or see Re 
at 1#d. per ton-mile equals 
Divided by 300 equals es ae 
Amiens will be 73 miles from Paris, 
Boulogne 141, and Wissant—Mar- 
quise 150. 
The average haul will be assumed to be 
297,143 ton-miles divided Pe rt 
70, equals 
At 25 tons per waggon, ernie 
movement of 70 miles per day, 


number of waggons required... 
Waggons in ee 
Spares 
Total 
Average price, including open coal 
waggons 


Cost of 1100 pacoons ine £850 
14 loaded waggons, each weighing 50 
tons gross, tare 25 tons, net load 
25 tons, give a gross train load 
behind locomotive of iss : 
170 waggons in 14-waggon trains 
require aes oo a 
Averaging express and stopping 
freight trains, locomotives should 
cover 150 miles per day, therefore 
number of locomotives required ... 
Add 50 per cent. for spares, making 
11 locomotives at £20,000 
Diesel electric locomotives. 
16 1st class at £18,000 
16 2nd class at £4,000 


£650,000 
156,000,000 pence. 
89,142,858 ton-miles. 
297,143 ton-miles per day. 


70 miles 


4,245 tons daily. 


170 waggons. 


600 Zi 
330 = 
II0oO ay 
£850 
£935,0C0 
700 tons. 


13 locomotives. 


7 locomotives. 
II 
£220,000 


£288,000 
64,000 
—_— £352,000 
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FRENCH SUMMARY. 


Passenger trains : : 
Paris-London, Boulogne—London, and Paris—Boulogne £2,080,000 


Paris—Amiens, etc. Sen ey we aes 1,312,000 
Paris suburban and Boulogne district motor trains... 936,000 
Rail motors sas a tes eee ss ane 54,000 
Freight trains : 
Paris and Boulogne to London— 
waggons ar ae ae Rae ees ae 300,000 
locomotives ... ot see sae ae hen 420,000 
French district, waggons a6 oe A Hi 935,000 
35 », locomotives oe at 56 aS 220,000 
Diesel electric locomotives... ae dis Ses ain 352,000 


Total use a aa 5 nee £6,609 ,000 


= ; ee, i y “ 
- a A 
+ ta i 

A . : 

ay « J 1 ‘ i 
; “ 
{ i 

f w 
’ 
f Y : 7 : by 
oo 4 4: ag 
1 ED Bees 2 " va 
i ay 
o , ‘ . 
= 2 i ree ey, ce en , ; : 
oy Phe : ft tem eee a 
a 4 ? *° ae \ ‘ “ x ‘ 
oh = 
. \ 
ae —— 
: 1 7 2 Sate Sc ey ' 5 ey re 


it ve 

Weir atc, FY ee vr semi ACD A ; ki. ce “ ; 

ee Nur aN ee an -*) ees eth Sie Hal a 
na ae ey NS ee adie a oo" 


“4 hie pete Nace sett Rink et = =" a 
oem 2 o) ; wa enn ¢ ae 
pe darn ae tc Ne Sa 


o0o0‘oog‘S —_———. 
ooo‘orr eos eee aee 66 
000‘00z‘f eco eee eee ce 
ooofog1'z ooe eee eae 


ooo'oh F 1 yovoiddy Eas gees (sout] 0M) sprek gogt “‘ OF 
ooo'og F * S Lr “ (soutpimoz) “ oF 
gtu iad ooo‘oz1F 38 suotounf ZuEMorIng Jo sulky OF YIM (soul] XIS) SoyTur gr 
: sjeusig pu sydessaja,y, ‘AtuoseyAy ‘AeA JUSUBUTIEg 


ooo‘oSS‘r wa 
ogofoSr *** a ae Bee a ooo‘orF 38 AJUNOD U991zTJ 
000'0Sz SAG wen aes: wer Bele “+ 900 ‘ScF ye ueqinqns ua, 
000s ses SS vi ose ae o00'SLF pioyysy ‘o00'SLF auojspreyAy 
oo00‘000.I «** oa See ‘is soe oe : yodeq spooy uopuo'T 
ooofoo00'£ «+ he *38 ont aes ae Rann pue Surpiing ‘snutuliay, Uopuo7T—: suOHBIS 
spared o1qno Loz‘gof‘zg ase nee [iods [e109], 
goz‘ggr‘z *++(spred orenbs $g vare [euOT}as) sjouUUN} I9YyIO 
z66°60L‘E “38 “+ (IojouueIp “33 £2) JouUNT, 
jeuueyD Hey pue yovosdde jouun,y, ppuueyDQ—: [lodg jeuun,y, 
gSz‘er1‘9 pred o1qno Jad *pz ‘se ye spied o1qno Lgo‘ofh‘9S oes if (s8uIpig pus suoneig Surpnpour) sduninD a 
a 
spied diqno 6EL‘gES‘zg ats ‘++ (s8UIpIg pue suoneig SuIpNpoUr) s}usUTyURqUIA 
oo L‘zSL‘g me 
o06oge‘e  **: pied yeour tod oS1F 3e sjouum) yov1}-a]3uIs om} ‘sprvh goz‘61 ieeesoe jouun [, JouueYyD 
oog'1Lg‘f + ses sc $5 pred jeouly Jad oof F ye sjauun) yows-a[qnop omy ut ‘sour, Inoy ‘spreA 
go6‘z1 [e103 ‘sprvé 1zSz uo s]IYD ‘spied HzSS ssunjag ‘sprvh QSEE ayoX ISOM ‘spied SoSr ‘weysuruieq—: sfouun,y, 
SPL‘tiz'y 
099‘Sz9 oo JOO} [eonIaa Jod paved yeoury od SF ye 3007 GOI IYSIOYy oBvIaAe ‘spivé gixt ‘soul] Inoy ‘oUO}SpPIe]AT 
Sgo*ggS‘E + ie ce "+ 4ooy JeonIeA Jad pied yeour tod ‘sor LF ye ‘soul] xis ‘uopuo7yT YNo0g—: sjonpelA 
ISL‘gLL‘6 eo eee ove se eee eve eee eee eve vee uonesueduos pur puey 
F F 


AVMTIVY AO NOLLOAS HSITIONA YOA SALVINILSA 
AI XIGQNdddV 


SPE6zS'gS7 


16g°bSL‘6 
PSH PLL gh 


000‘00S 
000‘oor 
000'00S 
000000‘ I 
000‘0Sz 
o00‘ofosS 
000000‘ I 
000‘ghf‘z 


co0‘obz 


000‘0o0z 
o000'oSz 
o00SSLE 


Ooo ZS‘ 1 


O00‘OzZI 
olele ora | 


sy 


eee 


T1230, 
4100 ae Hie sieah % Joy *3u90 Jad $ ye PSPPLLghF : uoNoNNsuo. Surinp [eyideg uo ysor93uy 
Be JOH mas ac eos ove “*  sasuedxy Arvjuowrerpieg pue SulfaaIng ‘[eSorT 
eee eee one aoe Snr eee eee see suvA AIDATTIIG pue sesnqiuwg 
see ae eee ove eee eee eee eee sa8vq}09 pue quelg ‘sdoysyio Mw 
ae BOC : oe sc 2° 23° $}UBUD} UOpUO'T passessodsip oj s8uT[oMq 
eee eee pee ere cee eee eee eee eee ere HERS [939H 
eos . eae eee eee ece eee eee eee eee 401g Sulyj[oy 
eee te toe eee oo see . eee Soul] UIsYIION qyIM uonounf eqny, 
eee ee oe eee eee eos eee eee quowdmby Aipuns 
C uO IO sas aes 9]ra Jad coo‘ SF ye uorsstusues} *L'H jo sor o$ 
10e coe eee vee eee eos eve eee eee “MST aod 
S.z1F 3 "My COOOL =" MS 000%Or yova suoneys-qng € 
aplur dod ooS'bF ye saprur yous, gEE + ioc aoe [830,], 
(as 96 - eee eee eee eee snuruiie} IOJ soul] BIIXY 
“<6 ¢ TI eee oe 


SuOH}eIS Bz JofJ UONOUNf Susy opr = 


mi St ee es ae aoe ‘* SSUIPIG Ulery, ToSuosseg 
yy TOA ES aK: a (soul] 0mM}) spre gogt “ o1 
“ee ee ogt ese wee eee tee (sauly Ino}j) “ce or 


So]TU yOes} gor «: a: a ae (Soul] XIS) soyTu gr 


> Juowidinby yeorjoayq AeA yusUBULIEg 


sae eee ae “eg 6e “sc “ce of SUICIT, spooy 
gyrua sod ooo'hF ye sop Yorn of ‘sUIvILy, Josuosseqg—: SSUIPIC 


sea eee ase 


*panuljuog ‘AVA TIVYY] JO NOILLOES HSYIONY Yor SHLVINLLS 


223 


ooofoze‘er 
0000gF 
00009 S‘or 
o00‘oor‘z 


ooo‘ogl‘h 
o000‘ofz 
000‘'o0Sz 
000‘o0Sz 
000‘00£ 
o00'oSL 
000‘000'£ 


119‘061'bz 


00g ‘oSf*‘z 
oof SSS‘ 


o01'go06‘S 


oS6‘LLi‘o1 


£96°6EL‘or 
a t 


a ae Bis is Cesey Gr 9% ye EOE Jeuuny, JouULYD (souTToMy) “6 
eee eee one 66 00008 i “c ce “ec Gz “ce (soul] Inof) “ec Am 8 
is ue ‘+ gqtur tad ooofoz1F 3e suotounf Surmosing Jo Surdy O1 YIM (SoUT] XIS) SoTTU Oz 


: sjeusIg pue sydeisaja,y, ‘Atuoseyy ‘Ae AA JUSUBULIOg 


One eee ane eee eee eee eee eee ooofol F 32 ‘Aryuno0d 90143-A}U9M J, 
Siie eee eee see ove eee eee one eee ooo SzF 42 ueqinqns ud T, 
os tee tee te oa sisie yueutdinba pue Zurpiing 4odeq spoory susojnog 
500 aieia eee aes eras see eet 000‘oSzF suso[nog ‘000‘0SF suonUy 


eee see eee eee eee eee eae “cc “ jyodeq spooy sled 
Bn Sg se age oe ope ae yuoudinbs pure sulIpiing ‘snutuiay, sii~q—: SuUOHeIg 

spie& o1qnd FLL‘ELo‘gzz ae ae Ba prods [e190,], 

3996'066'I (spre& orenbs +g voie [euorjo—as) sfauun yy, 19419 
spred o1qno tog‘ Vgt‘E ape cs (z9}9UNRIp “35 €z) JeuUN,T, 
Jeuueyy Jey pue yovoiddy jouun J, jauueyD—: [Iodg youuny, 

pred o1qnd tad ‘pz ‘sz ye spreA o1qnd zh6‘L6z‘Ezz ss =o (s8uIpIg pus suoneig Surpnjpour) ssuninD § 

spied o1qno vEg‘1bb‘ozz pie *** (SSUIPIS puke SUOT}e}1G SUIPN[IUT) syuoUTUBqU 
ve “+ pred eouty Jod o$1F ye spouun} yovI}-2[3uIs om} ‘sprek zLg‘S1 ‘yovoiddy yeuun y, JeuueyD 


ore “a ase pied yeour tod oof F 3e spouUNy YoRI}-2[qnop OM} UT ‘sauT] Inoj ‘spre ISQ‘II 

[e30} ‘spied 612 susoinod Tides Sah 4 PEE ‘spredk EPP‘ uljseyy 3S s1okoN ‘spreA 6ZEE uoT[IAeD—: sjeuun J, 
oe se : ; : c aes “i JOO} [VoII9A Jod pred [esuly 

jod SF ye sprek zgb‘Sr Je10} $4a0F gor 3YSrIoy ‘av ‘sprek QIS xnoIOUITM ‘JooF TEI WYSIoy ‘av ‘spied 

LzSt ouery ‘yaoz ZEI WYRIoy “Av ‘spied oF oUZOpIOg ‘jo0F TEI JYSIoy “Av ‘spivh S6E‘e ayoueD ‘Jooj IQI 

WBIey “av ‘sprvk g6gr aryNy ‘Jo0f ZS1 yYysIoy ‘av ‘spivA HLEI sIAVINT “o0z L6 yYSsI0Yy ‘Av ‘spIvA ogo‘ 

SUIWIOG ‘Jaz QZI IYSIoy ‘Av ‘spe zozI uTeIQY, ‘J09F SHI IYBIey ‘av ‘sprek ghz‘E asIQ—: soul] Inox ‘s}onperA 
mete nee Sob au eee Gao nara doo B06 AAS uonesuedui0d pue puey 


AVM'IIVEY HO NOLLOYS HONAYH YAOH SALVINLLSA 


A XICGQNdddV 


6S‘9£9'66F 


Szh‘6E9‘Q1 
bzr1‘L6r‘ég 


000‘00S 
o000‘oor 
o000‘00S 
000'00S 
000‘0Sz 
0006099 
000'0Sz 
ooS‘tL6‘b 


o000‘0o0r 


o00'0o£k 


oc00‘oS, 
000‘ Szg 
00S‘ g6e°E 


000‘ozz 
000'0gT 


7 


sae see 


1210.1, 


s1eak ¥ oj *3U90 Jad S$ yw Ver'L6r'egF ‘uondnysuod Surinp [eided uo jso10}uT 


eee 


(13 


ce 


G6 


“ce 


ce 


“cc 


“ce 


ce 


‘~~ sasuodxy Arejuowelieg pue surheaing ‘[esorq 


eee ese 


suva AIsAT]Op pue sasnqiuwgO 
$988}}0D pue juelg ‘sdoysyIoM\ 


ace s}ueUud} slivg possessodsip 10} ssuljomMq 


eee coe 


yusuidinbs Arpung 


g]ru ied o00‘SF ye uolsstwmsuei * TFT soprut oS1 
"MS Jad S.z1F 38 *M"y OOO‘OS="MA"yJ COOOL Yous ‘suoneis-qng S 
gt tod ooS‘hF 38 saytur yous EFL 


v 
gi 
Sb 
gl 
gzs 


SO[TUT YORI] OTI 
it 


“cc 


see a 1210,], 
Oe ***SNUIUTIO[, JOF Soul] eX] 

suoljeys gf Joy uoounf Surdy o[rur § 
oe "* SSUIPIC UleIy, JoSuasseg 


eee eee 


(souyoma) “ 6 
(soul, moy) “* zEx 
(SouT] XIs) sojrut oz 


: Juowidinby yeorjoapy ABA JUOURUTIOg 


is bi es SS ‘sutery, spoosy 
gprur rod oooh ye sop your Sv ‘surery, Jesuesseg—: ssurpig 


*“panutjuUuoI—AVMTIVY AO NOLLOXS HONAYY YOA SALVINLLS 


20H] 


* yD0IG SUTTOY 
eee sINJUIID Bl 9p JofF op UlWAYD YIM UOTOUNf 


oO 


225 


o0z‘ 11g‘otF 


oo‘ SE1‘S 
000‘9L9‘Sz 


o00‘00S 
O00QIz 
000‘096 
000‘000' Vz 


7 


YOO'LLIOQIF °° — “+ ISOd GHLVWILSY ‘IVLO], 


ooz‘1Ig‘of = ** ee ee ees TINNOJ, TINNVHD JO LSOD GELVINILSY 


6bS'9fg66 °° see +2° ne NOLLOAG HONDA JO LsOD GALVINILSH 
Sre6zS'gs  «s eos ees ao NOILOIG HSITONY AO LSOD GaLVINLLSY 
7, 
RUIVNINDS 
wee eoe qe19,.1, 
= see mae “+ gaeak b Joz “yu Jad & ye Coo'gLO‘SeF “uorjonIsu0y Sulinp [eydeD uo jso19jU] 
see eee eee aoe eee wee eco eee eee soruedulo7 joeuun, J, jeuueyD jo uontsinboy 


g[rur sod ooS‘+F ye soyruu yoesy gy— solr tz ‘yuowidimby jeorospy AeA JUoURULIOg 
: +++ gym Jod ooo'obF 38 soit vz ‘sjeusig pur sydeissja,y, ‘ABM JUoURUTIEg 
? wee ns “) TAME 3 “IA MA’ “U8U9] Ur sepru tz ‘sjouun, oye1edes OM} JO SuTUI'T pue UVOHeAvORT 


ceo ose eee eee ee 


RUVIWINOAS GNV TANNOL THNNVHO YO Sa.LVIWNLLSA 
IA XIGQNdUddV 


226 


moy od sopra 64 


soynuru Sz ioy 1 


Inoy sod sojtur 26 


soynurur SF sinoy Zz 


spieA ggi = soprur £Sz 
ce Ogg ce ogI 
(73 ooz‘I (73 Cz 

spieA gog‘t sou gg 


yooz L 


eee 


poods osvisay 


auso[nog pue uopuo'y usemjoq potdnss0 uly, 


coe eee eee eee 


poods osvi0Ay 


slivg pue uopuo'y usemjoq poldnso0 oulry, 


ee eee eee eee 


90uely 


‘WAH OF ‘WMH ‘Puuny, PuueyD 
: “ purpsugq ‘oseoiIy\ 


osney 


SNOUNVTTEOSIN “AUVININNS 


227 


’ 


ee eae 


1 


Ol) eg tere ty 


a 


i i 
: ge 2 
Mf ae 
‘ nh oP 
aT! a tide , 
“4 
~ : 
7 a 
J 
Pilie 
i 
7 4 
7 
7. 3. 


‘a 


9 
li 
ft 
q 
i 


ae 
- 
J 
* 
7 
rd ar. 
ey 
—_ 
ig 
=o 


e 


Pe wa PaaS 


a 


APPENDIX VII 
DRAFT TIME-TABLES 


SVS |S “ET | Sh°O | STEe) Sh'Ze) O€'22) OF 12) S212) 0 “12 STZ) OF 6T| OZ 6T|_.__| SP'STisz'’SE | 0 ‘ST| 47 °° as uopuoy 
eee eee eee eee eee eee eee eee eee coe eee eee ce st eee soo eee "AAO eee eee p2°Fysy 
coe OF'£2Z eee eee 02°12 eee eee 0 0Z coe eoe eee CCL] OF LI coe 0 “LI eee ‘dap oe eee ausojneg 

0 0 eee 0°22 0¢'02 eee CY 61 GS'8T eee SII Of LT CP 9L eee eee 0°91 eee SI'SI ‘dap eee eee erry sited 


t | ve | &b | OF | 2 | Ok | OZR] OR | ct oct CON Nivay 


L 
ee | eee ee | ee | eee SS en ee ee ——— |r ee 


OFLT|STLT OF 91 07 9T)_ | OS ST) 0 “ST/SHPLISEPL SZ Er STE |_—_|oS' Zi | 0 ‘21ST IE | SSO) og Or|__|0 ‘OT| sh'6|Ss8\0 8 | 40° ig uopuey 


eee ene eee coe Ce CL eee eee coe eee eee eee CE'SL eee coe oon eee ese Or'6 see eee cee see "MAD °°? eee ployysy 
G OL eee ose GSP Or PI eee eee 021 eee eee 0S’ II OF IT eee ooo eee 0¢'6 eee Crs ces eee Of'L eee *dap eee eee eusojnog 
eee 0f FI CP eI eee eco G ro | SUZ eee Of ILlOF OT see eee (a OI SI's 0f°8 eee Crh cee eee 0 “L eee es “dap eee eee eee Sued 


St; OL} 9 6 | 9k | & 7 8 € 4 L 6 b | oh] &b | 2b] GE} 2 | Ob | LE] Sh | OF | ot CON NIvVay 


NOGNOT CNV GuaYOSHSV OL LNANILLNOO AHL ‘2 


ve oe [ome [ove [ome [ove | Vege eyo |__| sp'ez|0 eel__|_“_|0 42/08 0c_--_|SPerlsrerl_--_isper| | 4m suey 
eee ooo coe eee eee eee rae I see eee GG Iz Iz eee eee 0102 02 cy GP 6I eee cee GEST SI eee eee GE LI LI eee 0 ‘LL “LI "AAD °° eee eusojnog 
wee Sap ove eee ose see see seb | one ose eee eee *- 1QG8T] °° mere ere eee eee eee ss GhOii ‘dap tee eee Plopysy 
sr foss pose Tove [me | = 19-9 /ogrezio "zz | 0s"0z|0 “Oz|St'6t|sr'st] -- |STstisp'ztlorzt| 0 ‘ztloeotlorgtio9t| |p = ~~ uopuoy 


St | wh | eb} 2b | oe | WR | SE | 2} OL! 9 6 s 17 8 e QL | ce CON Nivay 


TSI 08 ZT LY | SP; SP OTST OT CN eal 7 7 Bae a ZI GE HE ia! 0 EI > | orz1 Claas 0 a Cai [4 [ees 08 01 or SS6 6 08 | oy "Sed 
ees acco cS'ST SI ove eee cP PL eee Wel Of EL &1 eee eee CSII I eee 0 Il 0S 01 iyi eee one CEG 6 ooo eee 08 8 or 9 “MAD ace ausojnog 
eee oe obe eee eee obo wae BGS nee ewe coe occ eee G ‘OL see eee owe eee oes Vee ee dis ‘dap aoe eee proyysy 


O€'ST SP HE OF HT | O PLOEEL OC Et OF ZT) “|S CI) OF LT) SOT) OE OT 0 OT) - | S26 | ST’ | O's | ors | shz | ore 'se9| srs |'ep-- et uopuoy 


G b Z bh | €b |) Z| Gb 6 | 9F | LE | OF | GL | 9 L 6 g v 8 € 4 Z Boj cts SON, NIVET, 


INANILNOO FHL OL GYOXTHSV GNV NOCGNO’T ‘Tf 


231 


“1OJOPAEeY—" Wy "8-G ‘sony ‘suLIOe]g URqINgnG J33INO—g§*g "P-L ‘SON ‘sutIoeyg oury UleyAI—"W] 


eee eee S Il soe eee eee eee 0¢'01 eee cg’ eee eee eee cee eee 0 "9 “4D °** eee eee Sled 
eee eee ce’ see eee eee eee eee 0 * eee eee eee 0F'9 “AAD °° see eusojnog 


[Too] 
a4 
eo e'O 


uoyoLy SYUOFA] 


«s¢ oummodelg 


see ysnoroqsayjt nN 
pioyysy 


602 eee sé eee ase PPPy4I°oH 


eee 66 see eee yey) apy 
eee A oer eee uojys[tyy 


ose | 66 eee eee WIeYsyoLLepy 


qaoneT~ 
OOO ODAA AO 


SY 
oD 
© 
WS 

ZZ 


Jsxexe 
SEER) oc 
ADDS 
ees 


=) 
a 
>) 


gS 


(Je) 
ise] 
o> 


** apase>) spoo'y 
tee persiesg 


QUO}SPILIAl 


“+ [PRY woyserg 
see euinoqhe] 


9 
9 
9 
a 9 6 eee eee uo}sUuIPpY 
9 
9 


Sse oer 
———> 
S 
o OR 
a S| ee 
a 
| 
————_—> 
—> 
ei So 
etet 
(==) 
: asl 
——> 
> 
S 
ta 
——_———_-—__—__—__——_> 
re oS 
Ss) 
a 
oS 
Senne 
ae 
.& 
iar) 
238 


SOU cc eps aPlPsyyzOI 
useIr) ureyyMe 7 


ae - weysuiue 


wy 
; 

po a 

Wi 

SS 

Wir 
=) 
Fan SS 
© oO 

Ws. 

Wil 


0&8 O18 |S “8 | “* (0 8 Sh'L \OT'L OTL [0 “Z \S€°9 l0g'9 \Ss's jogs [ST's | “dep ~~ aA uopuoy 


8 
so |so|so/|so| Ww | w /so so|w |so/|W |so|wW |so|so/so|w |“ “ Wxoxtvig 
bp | 8 | st i|wul ot] ¢ | ze] 3 | ve | 2 | ce} ge] ve | blo cs con Nivay 


SNIVUL NMOG NOLLOUS HSITONA °E 


222 


“FOR07] [PY—"W "a 


"8-G ‘sony ‘suopeyg UeqINgns J9NO—"¢‘g 


‘P-L ‘SON ‘suoyjeyg our] ureyAj—"w 


eee CZ’ I eee eco Pease ocr eco SIP eos eee oee 0£°SI ose ecco ooo eee ‘ZI rr eee coe : ‘ZI eee Sele) “MAD °** ese eee sled 
eee eee eee LY'E1l0 "eT eee eee eee eee n CS IT ee eee eee n eee wy eee eee aes "AAD °** eee eusojnog 
Or sI sis) CS EL 0 g T t aise nae Priih | eee C3 TLIO Tl | eee eee OF OL aoe “WWD uopOP] syUoy] 
eee ae eee ooo iG ese . T ae wae ene a ahs 66 “oe ee oumnoqes 
- eee nae ZN eee | eee IZ SL t | eee bee eee | eee eee eee eee “ce oe eee qenolegerr 
"retest | joszs} | | - arar | | feriosor i Z oz'or| #\.. r. Pye 
eee Ceci ere cai ee) cpemee ite |) claeoy bel | Nera 
eee 0 eT eco | eee G “OL eee 0 SET eee eee eee 66 eee eee peyy aay 
eee PS SL eco | eee 6o IL | ose 7S 0L eee | eee eee “ce eos eee uojys|Iy) 
 |ORBqT] oe “*- ICC’ TT | + lOPOT | ney see dex Cis anes ‘+ WBYS}OLUepy 
eee TVGL eee eee 67 IL eee TV OL gk eee eee Jk eee ee oer AAG ayases spo2"7] 
eee 6E°ZT eee gN eee PY IL | one 6E0T a 580 | eee EN eae - a mers poisieog 
PEN] oa Wf a ea | —__|0F IT ——|SE 01/0 OT ee — Oc OLRy aa eke. On 
ever || | lear] | lereseetr | | | srt} “* lezor| | isror] | |s or} | lsee | “| pec i 
| TEER SUIh O22 ah | IT6L | Eig) oe ILOL 6S°6 doc alfhsosc kG. cen “+ [PPE] uoysorg 
GC cell eee eee | 4 CG Pail | G ‘IL eee (1 OL CG’ eee eee 66 wees ee aumogqhe] 
8 -e1| | 3 “2 8 ‘TI) * 2 “Ol seeiec| “ope 
0 "eL oo oes 0 ‘OL | | 0 ‘TL eee 0 ‘OL ha eee “ce eee eee OPTOSIIOL | 
S31 eee eee PS IL t SOL eee vc'6 as 38 STB) *°* ‘ce eee eee eee Aa pry 
09°31 eee eee 0G IL eN 0c’ 01 eee 0¢°6 ZS eee 9¢°6 se ace usar weyyMe.y 
RL ear | | RL TR Rpaerre] &] ATM Eber | Me] a EEE] wm S| gm HES es er). weysuureg 
0 “ETOP ZTSecr) “°° | “* |S “CTO “CLOSE TTSS ITO “LTO “ET/Sh OTE OT\Sz Or] -** |0 ‘OL\0 “OLIS7'6 [S76 l0z'G IST'G ete | « |'dep - i uopuoy 
uw | w {so w|}so|/w|so|so|w | w |w |so so} w}so| w|so| w |so su WYOKLVTY 
1% | ot | OF | WH; 6 | OF | SE | EL | LE | GL} GE | OL | GL | SE |WH! be | 9 | Of | 6 | ze|] ¢ | iwiwul: “ON NIVEL, 


“panuyuoI—SNIVUL NMOG NOLLOUS HSITONA ‘€ 


233 


“s010(\] [WY 


*8-G “SON ‘suLLO} EJ ueqinqns JINOQ—'sS "0 


‘DT-L “SON ‘suLLO}Ie] J oury urey\|—"W 


roe ace eee ST 61 eee eee SP ST\_._|S1 81 eco eee eee 08 LT. ose eee eee cP ol ST 9L eee fa aia ooo "LAD ese eee eee Sli’ 
eee eee eee CELT eee eee "LI coe eee eee GG cS] ooo eee eee coo Chr] eee “4AD *** eee susojnog 
eee 0€ ZT wal t ft eee 0 . (li + + eee 0f°9L CL ‘ | woe CS GL 0 “GL t : eee i OS TL "AAD eee uoHO}L{ SxUOT/] 
coe Go LT | eee eee | a eee 93°91 | eee IgGl eee eee OL PL ee eee eee eumnoqeig 

“10621 + | SE hy S Pe LSI + O0e RIE eM. | es ECV isin: “+ YSNOIOGseT [UH 
IST LT —los‘91| | |s ‘or WOT | * PStios'pr e L ‘bl P|... hee DAG 
6 LUT LT LS 9T8P 9 | ny | “* IGT OT | “* OLSTS8r FI ig S ‘bl eee 
€3 AL eee | wee eee 6 ‘OL | | eee T “CL | eee 69° EL ‘ eee eee PlPy42°H 
6T 21 eee eee | eee G ‘OL wee 0 “CL eee Gq el ee eee eee yey) oyayT 
eT LT | loot Rie ~Igeot] | | | | | | poet Vleet) & = = mole 

| | eee | eee | eee eq’ cL | eee OT TL wee evel “oe eee eee Ureysyortery 
ee | a lp “| | [BEET] apse spear] 
| tee BN eee eee Pr ST ace 6E TL ZS ose PE’ Sl “ce see see pessiesg 
| ee'9Tloe'oT | a | ___lor'st ___|se'rtoe'rt JSre) Pe loeet PP... ste pheenteas 
“ILS 91 ait ST 9OTLE ST STST| ~ ILO PT | STP LZ ET| 440 < 
eae | B50 | IL9L | ILcl S66 ILPL Cerne ents aisle eH u0jsel 
a5 4 gar} | OeAlce. te G “PL Pel pec sirt = ret ye enn | 
eee eos u ‘OL | | V4 “CL eco | | V4 PL | “ce 654 eee u0}SUIppY 
eee eee 0 “OL | | 0 CL eee 0 ‘TL ee eee eee OPTPISTION | 
eee | eee SCL vk | PSL eee | | Poel 66 <a eco eee AaTpry 
| ie oscT] | | OS'PT| - 0¢'€T - ‘s u9aIT) WeyMey 
alalalalalllalal Z| a PRSUOCS a) a | a PPH | al al gw SP EH aw | a | OP... 

a ZN ZN ZS ZN eee BN ZS soe ZN ep SLSSL ZS BN BN err ZN ZN a eV el ZS a a weysulue 4 
OF 9TISE'9TIOS 9T/OE'9TOT9T] “* [0 “9T/O “9T| “* \OESTIST STO “ST/O “STiSh'PIIOE PIISZ FI] “" |0 “PIIO “PIOS ET\sz ELlO7 Elo Et) “dap -~ 9 uopuoy 
$0 ;so;so; W |W so |W W|so;so| W/W {A /SO so} W W iso] W|SO |; 7 WaodLvIg 
SL | lo | oo | BP 8 |WH; S€ | € | 9E | G@ | OF | GE | GL L Z| LE | WS) ve | pe | Cb | Sh | ZEO| OG] | Ot CON NIVay, 


1 


“panuijuoI—SNIVa.L NMOdG NOLLOAS HSITIONGY *E 


234 


IOJOFY [SI —" "Ys “9-G "SON ‘sutoje]g URqINgng 131nNQ—"s'O ‘P-L “sony ‘suuopeyg our] uley\j—"; 
eee Paine eee ees eee eee eee 0 atZ eee eee eee 0€ 02 eee eee eee eee eee cee _"_|ep’ 6 tee eee cee "MAD °° nee coo SUvd 
coe 1) MYA eee Cr'6l eee eee eee eee eee eee eee eee eee eee eee eee as eee eee eee “AAD eee coe ausojnog 
eee | eee eee eee eee OT6LO ‘61 OT t eae CP 8ST eee GZ 8L CT SL Gc LI. + see ee eee “AAD eee uojWOL] SyUOT/] 
2ee eee aR eee eee eee eee Gc 8T one eee eee eee OTs eee eee see 6s evo eon sumnogelg 
iy | Pra PANS | eee este |) ae --- l0¢°8T i) ree fie [ae | oe le gp coo | aaa! ||| ace Hy 866.” con +++ YSnorogsay[t 
a lal Sigua 0 “GSP'st ~ fee'st]  fer-stio et) | | | ee ee vile ve paoyysy 
| 69° 8TIZP 8 ce St VUSTLS LE 440 

eee eee eee eee eee eee | eC st ‘| eee coe 8 “OL “| | eee eee eee ee eee eee PPPY42°H 
eee eee eee eee Aa See a 67 81 | eee Be cael ‘ST { eee eee eee “6 ose eee yey) epwy] 
coe nee eee eee GL6LID 6L | ST sl | eee 6T8L 8C° 21 | see eee we “cé eee eee uOo}4s|IYy7) 
eee | eee eee eee 9c 8ST | eee ETSI | | eee eee 93 L1 ce eee eee wieysyolieyy 
eee eee eee eee Vi G81 | eee n 6 “OT eee els POLL 66 wee cee apsez spes"T 
eco eee eee eee ON 67 8L | aoe ZN i] OL eee eee 6T LI ae eee oo peysieeg 

eee ——| "| °° (0 “6T/SP'sT —-|ST' 81/0 “8T ee ee OE LE Ger haces) soee 

Go 61 ST6T| °° | °° ISS°8STicr st | | GO SLETSIiLS LT | “WO LVCE LIE del Nee hy 
eee CT 6L eee eee €G'8T IZ 818 ST | | vee of LT 66 eee eee ®H uojysol 
eee fe) GL eiele: ISP 8ST | CT SIie OT ‘| | | one ST LI ‘; 66 ana ace sumnoghoT 
a P 6l| °° (8SSTpr 8ST | BL 81\6G LT | | PTL “ste ses uo SUIppy 

CT 6L “ 1GG°8T OTs8L GO LT eee OO UPR 

6 ‘61 + | leper ele | | pst | | 6TAL eS a 

G ‘6L |  1CP' 81 | 0 ‘81 CTT 03 sk uaeIn weYyyMey 
SL LALAL | LALA LALALAlLAlL all lalalalalalalalcilala Baa -  weysuley 
eee ZN ZS eee ove ZN ZN ZN ZN ZN ZN ZN see ZN ZN ZN ZN ZN ZN ZS oer ZS a |*4u0 : 

SV SI\SP 8L/0r st G2 SLO SLSTSISE STO StS “S10 “SISh LTOP LIGE LTOE LIST LOC LEST LION LTO ‘LEISS9T/0S 9L\SP9T| ‘dap °° a uopua>y 
$0; W /|SO $0 |so;SsoO| W{|SO/;Sso/; W W{$O0!S0|$0/;}S0/;S0/;SO|W WiSO|SoO|SoO|}"" °° Waodlvig 

SL | SL | LE L LG | OF | GS | OL | GL | 90 | GE 9 8@ | GG | LE | Ho | VE | EB 6 ST Zon 9S: | ZE a2 = SOND NIVa 


“Panuyuog—SNIVUL NMOG NOLLOYS HSITIONG °€ 


235 


*“1OJOTA] [u—w '” °9-G “SOK ‘P-L “SON] “‘SUILO}IE J oury urey\|—" 
O00 eee eee cc eee eee eee eee eee eee cr eos ove eee eee eee eee Ch'ZZ eee ZZ eee eee 66 eee ooo "SLI 
ei eon eee eee eee eee eee eee eee coe eee eee "1Z eee ove eee wee eee eee LO eee Sot eusojnog 
i CTT OTT 0 (060 | ** | ** |GBEs0 “ES f “* 10E 3Z/0F TZ i * IGE TS\OT Td t oo t G2 0d\0S°6T| “442 ** UOPOH FIPCIN 
on 9 T see see eee lire we 500 coo |e oe < a I& 13 ove eee 12°02 eee 66 Talal eve ausnoqelg 
a50 il aT wale stare) wee OL SZ aieie | ata’) 12°23 | ete'e 9% 12 lata) eee | 91:02 aa 66 wee ove Yysno1oqsay]t 
¢‘t|eso| | (seo Bl veces | | = vz | |°| | = ecto “1 - ZEOCOF CL 9? |; 4. i piguusy 
| ce E sso e¢0 “1° OP E2/8P'ze “ IGT % | | *** 102 12/89°02 ‘me | OT 0Z/LE' GT “4a! 
670 | eee eee 7 "oS coe 6 A | coe TL IG eee 7 03 + ‘ eee eee PIP454?°H 
4) cr'0 eee eee 0 "€36 ih eee G WAG eee OL 13 eee | 0 “06 6é eee eee Hey) ea] 
6E°0 eee eee PG’ SO eee 69°13 | eee 17 “16 eee $S'6L 66 see eee uoysjtq?) 
ce sale s+ lOn77, “10012 | “+ 190°QZ cos OF 6L | 66 ee eee weYysyoLLe] 
i 62:0 1 eee eee Pi 3G i: eee 67 12 eee 7G’ 02 cif eee tr 61 6 eee see apse) Sp22"] 
ZN 70 | EN eee eee 6E° SS eN eee tr 13 ase 6r 02 EN | eee 6E°6T “6 eee eee persiesg 
evo ozo | | sro | | [2 )~|sezzpe'ze] | |_—~_loriz sv ozoroz, | || | seer | %P\..  ... — suoysprew 
070 | | (4a) | 0 0 \ST Ez] ~~ L222 ST 2ZjLE 12 | ST Iz “* 1LE°0Z ST 02 | ce 61 “dip ; 
breil) |) 9 | GG'Ed|LT Ed) -* IT G3 | 1S Wd) 2 IT 06 ey oie ER Weistd 
Weta jp | OS ESIG *ES) °° G 36 i | ee es G 06 pe tie s+ auOq AST] 
18:0 | °° LP ERR ES) B “2a, | | 2°13) B03 se ss uo,BUIppYy 
Go0 | °" GPESIO “ES| -* 0 “33 | WO) “1eg) °° 0 06 ae PPO 
6r0 | = | Beesreel << | | POTS) | poo) | | 5961 ie aE Aapry 
QTO | os GEEs|0G'33| «| | Oc'T3| 2 0G'03| «| A 0¢°6T p sr U9adT) WARIPLME.J 
A oro) | A | A | & loeeisrzz| | 4 | 2 lertzlozrz] 4 | 4 |svoz| - jozoz) 2 lever] 2 | A} A apy... 
SNS TO ee | | ah SZ Ecler ce | | * ler tzsriz) * | * jeroz| °° jstoz| * lever] * | * i uo} raed 
0'0 (0S'€Z) “ [OS EZ/SP'EZiOF EzOTEzjsz°7z| -* (0 “ZZ\0 “Zz|SZ1Z\O “1Z0 “{Z\og OzISZ' Oz ** |0 “OZIO “OZ/SZ ELISE GIS “GIO 61) “dap -- te uopucy 
W |SsO W |}soO;W /|SO;|so so |W |S0O|;so| W/W /SO $sOo|;W/}SsO|W |SoO|;SO|,°" °° WeorLWid 
OL | & | 3 | DL | GS | GE | 86 | 9E |WH| 9G | EL | LE | PE | €S | ZL | 86 |WH! 2 | SL | 9E | EL | O@ | GE | -- t CON NIVEL 


“panuzjuoo—SNIVUL NMOCG NOLLOYS HSITONA *E 


236 


“OITA [PY —"W"y 


*8-G ‘sony ‘sulope_g UeqIngnc J3NO—g"g 


‘P-L *SONT ‘swore g oul] uley\|_—"W 


SNIVUL 


W |W |}So|so/so|so eo W |SO/;SO0;}SO;SO/| W/W {ISO ine so $0/}SO/;SO/|W /|SO/SO/°° °° wWaoaLvig 
SP'6 (S86 |SS°6 |0S'6 [Sh'6 0F'G |S76 [OG \0Z'6 \ST'G |0T'6 |S “6 \Sc'8 lors los's [cr's lors | -° Iss logs OTs (0 ‘8 SZ SEL | 440 > ah uopuoy 
re ( a Pa ee A a War  ueysuiued 
06°6 crs es 0T8 Ob alee se user) WeYyyMe.] 
4 |9T6 1 |178 Be APS Megs QO Sg i) Sess Geen Aare 
® lore A lees | | B® lg -g QL) “oss apts y 
16 | -- Crate || 32 Se TELS se 8o°9 ae BSS 3 uoysuIppy 
gz |AT6 | - R \ovs | Al £8\ le ge |OT9 |) “ow aumoghoy 
Aus oe a LEG Nas a eae 7410) |) coc ZN ZN 6r'9 = wee "+ TPP] woysorg 
&26 2 6) °° | ~ 878 |z7e8 | LiL AA |) 2 stay? ee \Sh'9 |4eP)... ae 
Petes Ie: ee ieee | ule vere ae meat ouoysprely 
9T'6 coe eee dis Irs Ach eee 9 9 een coe eee oT. cee 66 eee coe perssveag 
eN IT6 eee ory uN 9¢°9 sete eee oN TI 8 90°), ees coe Wit ev eee 6e eee eco apse) spo] 
LBloe jee ZEB | pon VACUA WAoey), |) 22 ose alesse ECA see WURYSyOLUeLy 
OGGuLy Gury ty 2" 28.1968") = | °° OLS MIG: 9h 2 | eo , | Ray Oa | Re ee Me vee ETS 
96 see eee ee a Ts see eee eee a 9 fe) eee Or, eee tee By GG:9 oveia: “ nbc: ant yey apy] 
9 6 eee eee eee LPS 1¢'8 coe see one ZU8 991 eee Of eee eee ZZ L CP'9 eee oP... ks a. 
e6 | | | tepe B78 ee [kN ane 6g lesz | lere | | love epg | | cau paoyysy 
2 eee eee see ARG 6°93 a eee eee eee eee ye T °g eee lea) PSL eos eee eee 6e°9 eee 66 eee Yysnosogsel|t jy 
ZN eee eee eee eco PES ZN see eee aiete sae ZS 69°, see eee GT L eee eee eee be9 eee CO een tee sumnoqeig 
SS SicrO jews eo 1 AMES WG ONES | re Peek a OS MEL VL | ere i leo Ore Dean “ee ite ta hose Roper oN 
eee eee mere see tee So aisle see O00 eas > logs | oo dine eisie ADS aac eee ase alate aS asia Soa Claes wee susojnog 
O“Zlc soe th ade I$ eGok Wis aes aoe coo || odo || Gon ere oe Go ee ond 5H ANG uae srr |osee | eee legrg | eee ae ‘dap sae 555 “ SLvg 
HL | S| 0G | FE | SE | Le | €3 | VE | EE | OF | LE | 8B | GE | Z| 1S | Of | 62 |WH| 9E | zz | ze | onl Gel opie: ce “ON NIVay, 


NOLLOUS HSTTIONA 


237 


“s010(\] [°Y—"W'Y 


*9-G ‘sony ‘suLOF Ie] q Ueqinqns 19INQ—gs"O 


"P-L ‘SON ‘Suuo}je] gq SUIT] UleLA]—"|Q] 


‘panuyuom—SNIVUL dQ NOLLOGS HSIIONG PF 


so w{|so|wWw |W |$SO/soO|W /SO|so/; W |SO/; W | W /|SO so |so|so sO; Wic °° Waoslvig 
0 €t| * log ztse'ztlo ‘ZllOP LOT ZISE LTGT ILO IT\SS OTS OTSE OTe OTST OLE Or] “ SZOrOT OTST OT “" |“ j0 “OT “OT “44D **° aa uopuoy 
a LVL ZS TUL TT a is Pale a oP}... + weysuMey 
ik STL OS TEST IT sa ir ss6 ee 
Se OTSL OTTL Ge OT ise Gc°6 |0c'6 | **° pee bes PAE BE | 
cee 9 ‘OL 9 DL Te OL eee , 1c'6 eee eee “6 eee eee eee AoTPY 
ae 0 “CT 0 ‘IT a > gl OT a ee 66 see see OBTPOSTION J, 
see 8G IL 89°0T eee eee 9c'6 aoe eee eee 66 see eee uoysuIppy 
yN eee GG LL pS GG’ OL mn 80 OL eee nN ZG°6 vee eee ase 66 wee eee oumnoqheT 
aN coe 6 IL ZN 6r OL eee eee 176 eee ooo eee bo eee eee fH woyselg 
5 4 | sv It €€ TLS OF ee OTST OT eee SSS G7 ze 6.) 1) ae ee: ‘ as Ax 
Ilr] see eae Mee ee alee ererer etalon ce Wa euoysple 
OL ZL eee 93 IL eee eee 9¢°6 1S'6 sae see eee eee Ci GAS oe porsieog 
IUSL eee IZ 11 eee eee x 1c'6 96 eee eee eee eee 66 ane see oyisesy speo7] 
L “SL wee LUTL see eee 1V6 av 6 eee eee eee eee “ec AAD are ureysyoLLepy 
I vA eee ITIL eee see 15°6 Iv6 9&°6 eee eee eee aoe 66 nee eee uojs|ty) 
a Gc LL one G ‘TL eee 1 eee k 1o°6 ess Aon eco AMG eos rt ee eee yey) opaqy 
ON SII aa Te: eN see N 1V6 ate ale eee a5 see R 66 eae 0 PP34eH 
elzusr it ee Ss‘OI| °° ra LS'6 Iv'6 Aas Bas eee ove ea <4 ore y, paoyusy 
OV CLer IT ha egor| Orot| ~~ rS'6 8&'6 cold eer eal eee OY 66. 6 “MD 
eee 6E° IL eee pi 6701 eee Ante eee 6r a eee a8 eve ove ees ses 76 6 eee eee Yysnos1ogsey[t 
eee PE IL see as tr OL eee eee eee ah tV6 ZS aoe ZS eee eee eee eee 6 ‘6 He “cc ce 456 sumnoqeig 
0 *SLI0E LL eee 0 ‘TL OF OL eee 0 ‘OL see ZN 0r6 ce’6 826 G36 eee eee eee eee R G ‘6 EN 66 eee **-UOWOPY SYUOT/] 
pote {Ses |e Ni eco fi wee [cee | vee | A | ae | ee lgerg | oe vee [vse [eee [vee [vee | ore | ee lopeg | oe lees | “So ses auzojnog 
ler gles ork cST Oil Ce |. a lao Ol CN Gaie ello alec USE ine dak ce ane Rea woe | ere | eee | cee | see | Gop oe aes “+ Sed 
ve |wul E | ot | oe | ie | a2 | oc | eb | se | ze | LE | 9€ | GE | Ze | GE |INA| Go | OS | SZ | WH! LZ | 93 | SEL “ON NivaL 


238 


"P-L SON “SuUOPE]g OUT UTE — Wy 


*1OJOFA] [23 —"W "A 9-0 *SON] ‘SULLO}e] J ueqingnsg JNnO—"s Ts) 
WwW |SsoO so|;W/sW W)}W/SO0O;so|so| WwW WsisoO|W/W /so/;so|W | W tte se WYOULVIG 
ST LIOVLT| “° |S 9TOE9T/0Z9T| “* JOS STOP STIOT9T/SESTIO “STO ST] “° [Sprptise FIST PLOP El PIISE Elise Etst st) °° pes Sag ss? Uspuo'y] 
cS OT] *° |LT9L rs CSSTLTST ae LVL LV SI Seales: oa 
os9t| ““* |sr9r (estas os Siist'st eee ST PL ST el + | aan} umeneuEes 
eee OTOL coe OTST eee OL PL OUST eee 26 oe weal wey Me. 
19 “OT eee 9 °CT eee 9 ‘bI 9 “ST a0 tenhrcee ows Nan AopRy 
eee 0 ‘OL eee 0 ey | oes 0 al 0 5 eee Cb oon oPTpsIOI | 
“ 18G°GT yen 8S°0L ae 8o°ET 8S°SL Se a te uo,3urppy 
pe eee CG'cT see iE GG'hT ps see | CG'eT d CS'Z1 see 30 aoe aumnoqher] 
A | IGP ST oe A le Pl * ae 67 ET “ |6POL ay ECA see TBH] Uoysoly 
€€ 9T)__ Sh St i CS SISV Pee HT canter Gv él ee erisy zt sich OP. aM rasene 
OE 9T\S79T| °° mas Of ST) -° OFT 02 rT ah Oger} - “| “dD SPIEH 
TZ'°91 na’ eee 93ST eee OLPL ese 92ST AAG eee 66a cee sate paysieag 
9T9T) -- ‘ie ToT} ° ITF ves ISE1\\- Van Mere nose “t+ aTases) spoo7q 
SLOL see se0 LUST eee 1, ‘PL see LUST cee sins: 66 kee eee wreysyoLepy 
9 ‘9Tl - vee TEST wee iL ‘BL eee ILE esis coe 662 See ies uo3s|Iy>) 
it 0 “OT ise coo CG “CT ote uke CC'eT fee G “OT ee wae Covey ARS bate yey) ony 
uN 90°CT she a I ‘GL ase ZN IG'ET eee it “ST eee eee 66 see eee PPY4IOH 
€T9tiosst} ° cee SSP] -° \€l Pr Sr el axe SScy| °° hee ?P)... au -+- paotUS 
Ororisrst| - SE'ST esbt| -° jorpr] | leper re egzq} * SEz1| “0 PHY 
eee br SL eee j oe 67 PL eee eee 6E°ST eee nt 6721 eee 66 ews et ySnorogsayt 
eee GEST eee UN PPL Boe oe PEST ane uN PZT ose (eee ee auMoqeig 
0 “9T/SEST} - R | x 0 “STOP PT] ** (0 ‘FT O€'ET] ge | * 0 “€l0rer) - Pie ie WOOF] SYUO]A] 
os eee ee see oN GS PI Or 71 eee see aoe eee aa “ loz'eq| oc: eee eee eee 42 OS TTOF IT 66 eee ee eusojnog 
ogenl | | Iepenl | co ie cet] fe fm | ee deretl ee Poe fee logan] ce foe fe lopotl om | | dap sae “+ hive 
OL} ve |W; Ze | 9 6 | 9k | G | | be | SL | S€ | b |WH| 8 | Of | © | GLI ve | Ze! 2 L 6 | ct "ON NIVay, 


“PanuyquoI—SNIVUL df NOLLOYS HSITIONG “P 


239 


*100J\] [°Y— Wd *8-G “sony ‘stuI0}}e] J UBGINGnS 12InNQ—¢§"O "P-L ‘SON ‘suopeyg eur] urey\j—"Wl 
i a a a a ey a ap Ea Set Te a eae 
W/W so |so so | W | W so|so|w |W /so|so|so|W |W |SO/SO|SO| W/o" °° WexOdLVIg 
STozior0z| “* \0 ‘OzlOr'6T) “* \SE'6T\OS 6T\OZ GT] “* |0 “GT|OSSTS'STS7STStSTOrsts 8t0 "STOP LTO “SESS LIS LT/0E LT) “2 ~~ ne uopuoy 
as “Tél > lepsnize si LY LI PP... == gueqsliture4 
-- “IST 6 * OP ST0E ST + STLI aoe ? 
a  JOL6T > G28 4 OCT ore upadE) reypMe] 
eco eee 9 ‘61 eee I¢ 81 ZS 9 “11 ee eee ooo ree AaTPIY 
sal éL6L0 “6L ie cT8L cE LTO “ZT eke SPOTL 
eee or 6I 9G’ 8T eee €T SI Bee 9°91 “6 eee eee uo}SUIPpY 
eee R mN eee Gq 8st eee Hh OL8t R eco GG'9L oe one. mele, aummoghe] 
eae “GEST eee A lp QT -- IGP OL Ae G0 se TRH Uoyseld 
* ISS 6LET6T| “° (SPST * \§@'Stl0 8T SEL1| “" |SP9T Be S60 auo}spie 
eee 0¢'6I O'6I eee eee eee 0z'8I cee Of LI aoe ee "LAD Cl 
eee 97 61 eee eee eee eee 93 LI eee eee “ec eee eee persiesg 
ene IZ61L eee eee eee eee uN T@ LT eee eee 66 eee eee apse) spe2"] 
Pe PATOL eee eee ove eee ee LT LU LT eee eee 66 eee eee wreYyspeLLeyy 
9¢°6 TILT 61 eee eco eee eve eee | eA eee eee 6é eee eee uojs[tq7y) 
0S°61IG 61 ak eee eee ose BL eee 4 eee G “LT eee eee 66 eee eee peyy opty 
OF GILT cell GN 7AO ae oe uN ses oN sie ip Will 29 eee oT ses ove Pi2?g4?°H 
ovetles'szpeer) «| af ‘8 ee Se Ole ciel ae oe ney 
SE 6L/ES ST8P ST Sesto 8t €o'91 ace! 
ne PE'6L GP SLitr SL eee eee GG LT eee d eee eee ak 6r 91 eee eee “ce eee eee Ysno1ogsey|t A 
A |6S6I/PV SIE Sl] -" | Dk Og LT} °° h oh ay PMY OL ce tie pe mar a bor 
OF CTS ETOP STGEST “| | | A | ge (GY LT) °° a A \GELT) | °° I O AO SL tee ari hue tie fu Po vOuCH SEOW, 
eee eee see eee eee eee Co LT OW LI eee cee 0 “LT eee eee aoe eee eee eee eee S “OI “ce ees see eusojnog 
0 LI eee eee eee eee eee eee cr ol eee eee eee eee 0 “OT eee eee eee coe cv Sl coe eee eee eee eee ‘dap eee eee eee SLvd 
p. | ze |wul ve | es | 2a | sz | ck | OF | 2 | o | 9€ | TE | Lb | Ge | Sb | LE | bE | GE | GE | Le OSS sSEs | pa ON CUYD, 


‘panuyuoI—SNIVUL dQ NOLLOAS HSITONA F 


240 


"P-L ‘SON, ‘suLIO}Ie| J aur] UIeyA\I—"W 


“IOJO]/] [°Y—"W a | ‘8-G “SON “suIO}}e] J ueqingng JIINQ—'s 0) 
wfiwlw so|so|so/so|w /so| w so|wiso|w{|so|w{so/w 
gyz |g ‘t isr0 | “~ logo Isto Seezozecsrecisy cccrzc “ \sezzoezco zcOrizse Ize tz 1clo Iz 
us'ez| , | =" Utz LV IZ 
a sc'ez| * lo “ez fe Nat oz . STZ 
- ose] | |9g'22 “OTS OLS 
S| loyed | 192s "19 “2G 9 °T3 | 
0¢°0 Ore! | \cr22 Oi er 0 “TZ 
8°0 sees] | lene - leqTg 86°02 | 
G30 | & |ceez] & lores 4 “+ I9Q°TZ an GG'0Z dr 
6c0 | * eves] * iPE82 e  ErTZ “ 6P'02 vl 
ST'0 |e “0 Szezs ‘ezioe'zz| | |srzz] | |cLisriz | leerz| | \srozl | jee'oz 
190 | “ |g ez] 7 sz) | -\S zz 0€ IZ = 0¢'02 
eee eee IT “SS eee I OG eee 93 13 eee 
eee eon 90'S eon 9C' 13 eee IZ 13 eee 
eee eee 6G' SG eee 6G 13 eee LU 16 eee 
eee eee ima eee OF 13 eee IL 13 eee 
eee yh eee 0723 eee ue OV 1d eee Gc “TS wee 2 
ese EN coe 98°32 wale UN 9¢°1Z eos hasta ooo ZN 
-- lep'ez| -° log'zz] °° ss'Iz| | joeiz -- SS'0Z “ 102 
“- lopez! -° Iez'ez) °° SS'1z oo tiie 5°02 £0 01'0z 
eee eee coe 1G GG eee 09° TZ eee eee 67°02 eee eee 
eee eee eae 61°33 eee Cr 13 eee eee TP 0 eee soe 
x eee 0&3 eee CL 36 eee OF 12 R eee eee 0703 eee ON 0 03) ‘ 
ZN Or EZ EAS eee eee eee eee eee AS eee 07 12 ooe eee MANS eee as eee 0°02 eee aS 
Pee ete err areal ae Lecce gg pelcree dns te, KO lopegg| = legeyl ee) acl = eer 
9/6] s |92| ve | 9¢/|e0/2ze| » | w]e l|waulez| ¢ |se| zioe!| zi etl e 


so so tee eee WaOALY Tg 
ice ZS 0ZISE Oz oe wes soe uopuoy 
"108 02/L1'0Z| FP)... ose 
ee arcs oa weysuiue4 
cos vee OT'02 $6 oss u9aIt) Wey yMe yt 
see eed 9 02 “cc eee eon see AaTply 
“+ lgenzig “0% 66° See eee OPIpOsIqqOI | 
see |gesdoyzg 9G" 6I Seas oe uo}suIppy 
AN cgell “oc oes yusinoqseT 
eee 6P'6T S eee ore fH uojysolg 
= sv'6l PP)... - — guoysprew 
2°08 age 6 ee te peysreag 
8T-0 eee 6 eee “t+ ay4Se7) spoo7] 
PLZ 200 CG 3855 ‘s+ UIBYSJOLIeEpy 
8 0B eet 66 nee see uojys[tyy 
ne me 66 eee eee yeyy apy] 
bee ase “cc eve eee PIP4429H 
- 7 ere eaten 
eee eee “apt paoyusy 
ese a ane 66) Yee aoe ySnoroqsayt\\, 
C66 4|| eel eiGos 66 ane eee oumnoqeig 
aoe 0S°6T exe “é see ** WOOLY SYUOTAT 
Racer tee? 66 eee oes eusojnog 
eee eee eee ‘gap see 200 “** SHB 
WH} 9% | LE | 7 ON NIVEL, 


‘Panuyuoo—SNIVUL dQ NOLLOYS HSIIONG ‘Pb 


241 


1070} ["Y—"W | “9-¢C “SOK ‘suI1O} Ie] J ueqingng JINQ—'s 

eee see eee ace eco re "3 on £7'8 eee eee ete eee 608 eee eee 0S L SZ7L eee CZ'L Ss cL cf. er9 S ¢ 9 66 nee ose weysuiUle4 
ose ee eee aoe Rome) eee eee eee eee eee PLS eee eee CHL ose 032 0 off 0e°9 0 9 66 see eee AaueMG 
eee eee eee eee ces i) eee eee eee eee ori 3r8 eee eee en eee BTL 9G°9 83" 9 8q°G “ec eee usar) [4229S 
eee vee eee basta 5a eee eee aes eee eee 6 8 eos son 0rZ see eenioTy (elem) 629 rege 66 nee coe Aely Yon] 
ces ees pe 769 eee eee Are raleie ele 9 8 ASA sie LOL €Z ech rai L zs'9 72z'9 zS'S “6 BOG ose dnapis 
eee ESRICES eee eee eee eee eee 7 °g eee eee ce ZL 032 OTL 0c’9 029 0cg°¢ eé wee eee poomyNos 
8 * Stele ae 8 ons eT A 2 8 LO) ela (ee 91 SRUREOWN, PU maa 
FE’ eee eee eee 9 "9 eee A QG' 2, eee aaa 62 L PTL P ey a) ral) PS £609 sec eee eee 2a 
sel al a | | | em ) @ (PTO 8 | ore re eee WoL! A IPL LZ (re Trey fives] “ey 
Pee een coer eil oe yercl0 8 GLI ee) OPA EL OLN LL PO VELL Ole Mee) Ao ee oe Re Bleed 
£28 |IZ8 |61'8 |LT'8 \ST'8 \€1'8 |IT8 8 |¢ ‘8p ‘8 lesz sz |“ | -* lees \Szz |STZ lore [0 ‘2 \0S'9 l0e'9 (0 ‘9 [ss's joe's | “9p ~~ oe ***UOpuoy 

6 | OL | EEL | ob | G6 | OF | LE | 6 |SO) OF | GE | LL Ol | G6 | 2 |SO| LE | OF | 6 | ZF |SO| GE | WHOLLY Tg 

16 | 96 | SG | 16 | €6 | G6 | IG | COOL | St | LOL | cOL| 16 WH] 26 | £6 | 66 | ZE | LOL| OOL| ZOL| 6 | 9€ | G6 | “ON NiVay, 

SNIVaT, NAOT 

WVHONINUVA GNV dNOdIS ‘NOGNOT °9 

6 | OL | bE | ok | G | OL] UE| 6 OL | at | tb | SO OL | 6 |Z LL | OL | 6 | 3 Pa Site WED 
LVS STS \€T8 |ITS |6 8 |2 8 |S “8 |L 8 | “° (692 LHL GEL SEL | - LOL GL IL “"* 1GG°9 |SE'9 IG “O/lee’g | “| 4A see ss" UOPuoy 
eee eee eee 9G", eee Gey) AP oe SCL eee 8r9 939 9G°G 97° eee eee ee eee eee ureyypog 
eee eee 9G" J, eee eee 87 2 83° 2, eee 8 off eee 9 729 HG oS eco eee “e eee eee wIeYsIMaT] 
a eee 6S°Z, eee eee eee cr, Gs Z, eee G Ch} eee Tr9 1239 Tg’ ZS eee eee ee eee eee coe 29T 
a as 6S' 2, eee eee eee se eee oP L, a Go L eee H, Z oy} yt aoe ge9 8L'9 ferme) STS areal wee “cc weysuljoj/| pue weyyy 
sf EN 0 8 BOs ove eee wile BN late 6E 1 gS 6TL ANS BN 6G°9 ZN one ce9 cT9 cre CTS coe siete “6 eine ans poomymog 
PAIL RG Norcal sae eee a. S L| °° \LOL €8L 02 * leve |es’9 les'9 |“ lee'9 eto lerS fers | |] a0 dnapis 
T re) nee Gob tee ane qn Aa Ll oan CAD 0e°Z argie ACC OTL bce 0¢°9 500 0g°9 0T9 0S Ore ee ioe 66), awe SAS Keely YHoN 
gc", eee eee eee eee see oes Tr eee eee Weak eee nN eee if “hh eee l19 eee 139 WE 9 LEG i Gg ee eee 66 aee u99IT) [[P4Ye4S 
eee eee ose eee see eee eee 6E°Z, eee eee Go L eee aS eee G i} eee G79 eee GZ9 (e) 9 cEe"c Cc °G aoe see 6 eee eee AapueMG 
eee eee see eee eee eee eee PEL eee eee OZ L eee LVL ee 0 L see 079 ase 029 0 “9 0g's 0 ‘¢ see eee ‘dap eee pee eh ibe nbd 

16 | 96 | S6 | £6 | €6 | G6 | $6 | OOL LOL | OL | 1G | SE 66 | £6 | 66 LOL | OOF | OL | 36 pe TIN ECOL 

SNIVU], d¢) j 


NOGNOT GNV dNoOdIs ‘IWVHONINYVA °S 


242 


‘QE'G UeeIt WeyyMe,y soALLIY (7) *IOIOJA] [YY —" WY '8-G ‘sony ‘surtope] J ueqingng 19INQ—"g°g 


eit (v) ee ae a 
9¢°6 ee'6 eee see eee eee 02°6 eee eee eee tee U aco ooo eee eee see eee eee coe eee es'g aoe eee 667 ewe nate weysuiuey 
eee eee coe S00 wee C36 600 eee oo SL6 tee eee eee coe eee eee eee eee BG°8 see eee CEP Scie) eee AayueMG 
ee coe eee eee eee 236 see see CL6 aoe eee eee eee eee ee eee (rere) cee see 66 ane usoIt) [[£qeucis 
eee eee eee eae eee eee eee tee 3L6 coe eee aoe eee soe eee soe Acie) see eee 66 eee cee Kel) quoN 
12°6 ws, ee dee eb eee tee ‘aa eee eee soe cee eee ceo Zs'8 eee eee CO cy eee ose dnapis 
eee eee eee eee eee €T coe eee eee eee owe Gc eee eee “ eee eee poomyinos 
ecat Ih Gaal) Gdn 6 eT CO rs ac co 7) 300: 4)| sooo se ureySury0]A; pue weyyy 
mere wel FTG ea ae sate aise see Fe) Sex tee see se eee eee eco aa7 

Set ek “UIGES |“  wreysimey] 
6 "+ 10G°Q | + oie ase N GES] + | 4p ee wes uIeyyoeg 
6 8 6 € 6 |L 6 | “ \6s°8 [ze'g [co's fes's |ES'8 | “° \2r'8 [ch's lep's |t¥'8 \6e's [ze'8 [ce's lees Ite's [7'8 lezg |dop uopuoy 


sO; 6 | LL | oF} 6 | OL LE | Gk | G6 | OF | EL 6 | OF | Wh) ae] 6 | OF) bE ae] 6 | ee] meio oe EG | 
1G | 80l | 16 | 26 | &6 | H6 | WH! G6 | 9 86 | 66 SOL | LOL | SOF | SOL | POL | COL | ZOL | LoL | OO | 66 | 86 |" ON Nivay 


SNIVAT, NAO 
ia. ee a he ee 


‘PanuyUuoI—INVHONINYVA CGNV dNOdIS ‘NOGNOT ‘9 


Gr) 


oD 


SW 
Mi 
SM 
Milt 
SM 
ZZ, 
RO 
Mit 


OL IL | GL | G6 | Ob} UL 6 | OF | bE | Sk] G6 | OL} BRI te] 6 | oe} ae lo WUOALV Tg 

“" (¢ 6 |E 6 [68'S |zc'8 [o'8 | “° ecg |Is's l6r8 rs rs | “° IIPS lees [Les SES |€68 |TE8 |678 (22°8 [S78 |1Z'8 |6T's | “0 -- aa uopuo’y 
vata 9a°g eee eee eee coe reroune) aoe eee eee eee sts 66 eae ave weyypoog 
eee eee - pee eee eee fetoume) eee eee eee eee 8—T8 eee * $6 eee eee ureysiMa'] 


eee cee | eee x eee 6E°8 eee eee see a see 618 eee eee 66 ee eee eee a7] 
wee cee mk toe ZN 6E'8 tee AGG eee 1¢°8 oy aS 6T8 eee oe ove ‘é wueYysuInos/] pue weyiy 
eee see ZN eee 0 ze) 650 wee eee eee nt gS 02°8 eee eee eee owe CON aS eee poomymnog 
nee tee uN ° eee eee eee eee eee tee ZR ° eee eee eee eee eee 66 oes eee eee dno j 
A ltrs x |188 x ek) YHON 
eee ooo Z "9 peo eee eee woe wee eee eee a a 8—T8 eee eee eee eee eee ese os eco ueairy [[Eyeuc1s 
An0 eee a ; See ee aie 00 wale ete wae uN AS Tog le oo oo see tee see oo aS (tae SSis less see AgpueMG 


oor eee 07's oe eee eco see eee see eee eee eee 67'S 028 eee a8 eee eee dee eee eos eee 0 °g eee ‘dap eee eee wvysulule 4 


801 | 16 | 26 | €6 | v6 S6 | 96 | 26 | 86 | 66 | WH) SOF | ZOL| 901 | SOL | POL | cor | ZoL| LOL | 001 | 66 | 96 | -° -- “ON Nive], 
! SNIVaT, df) 


‘panuizzuoI—NOGNOT GNV dNOdIS ‘WVHONIN'UVA °S 


243 


aon 5 mn ieee cat a Meee ccc (Mrceeriicsteem!| set. |i wee cy| Ieon | imerem lo con ci| wrewe:pilleiees . Bee si Aaes ° set frees | mooein| ESS SS aease --  WeYysUlUley 
0z'0t}__| ** \2ror les ev'6 0r'G fel cee a pai 


eee see PLOL woe eon eee eee eee eee eee paren GG) eee eee 
we | [ORG | ae waa [[PYeUCIS 
6&6 


oot! | cac tee ct aoe descoce \pencice y eecociael hl uke H 
ITO { 8 OL eee oes eee eee vee 2S'6 eee eee eee eee see Z'6 s eee eee eve dnopis 
eee eee eee eee eC°G eee eee eee see ce aa OG poomyinos 

| we [ie | oe LEGG ie aAlbeeoe ee “ weysuMopy pue wey 


ee eee eee 


see | cee ic°6. Bs seo | eee 73g oi (ae 33"T 
6é eee eee wueysiMe'T 


a |= 
he - eee eee die ad eee eee 
S R Z Gc’6 as cee | a aT ae 
N BN BN QO | —— Z BN gs ZN gS Z Z S Z gS ZN 
ZS ZS ZI ZIS BIS ZIS QR — Z IS ZIS ZI 
AS as ZS ZN ZS cc’g S00 oA eae EN ZN ZN AS ZS ce’ fod aS An6 aes Z EN ZN AS a "AAD °°* eee wey ped 


c'6 \es'6 [ss'e les'e los'e [2r'e \sv'6 ler'e [tre lee \xe6 \ce'6 lee’ [eG [zz6 Sz svG |ez6 [176 joe |6T6 LTS [STG jere A sala Be uopucy 
6 lor)ulzl|e lula) 6 forlu|z| 6 |or| | 6 |orjso| | a iso) 6 jor] wa) peed 
oe oe “ON NIVa], 


v0l | con | zoL| LOL | 001 | 66 | 86 | 26 | 96 | G6 | HG | 6 | ZE | 1G | OOL| FOL | OF | ZOL| EOL | LE POL | SOL | SOF | LOL 
| | SNIVA], NANO 


‘panuyjuom—WYHONINUVA CGNV dNOdIs ‘NOGNOT ‘9 


a ee ee en NE ee ee ey 


6 | orl} ue | ae | 6 | P| GE | G | OL | LE | Gt | 6 | OF | 6 | OL LL | Gu OLMeLEa Shey eee 


eS | eee | emcees | eee | eee | reese ee commanceen | eomsemcemees rsa | eomereeee | eee | eee 


sce lise ere Ure ere live ee lee ee kee lee loze ce ace live lore | ~~ lee (ore | “ere Ire 66 2 6 | Ai 
eee eee eee ge6 cee eee eee 8T6 eee eee eee is eee eee ureyyed 
4) ‘) ae a w- | s+ loge oe oe wreysima"] 


eee eee 8E°6 eee eee eee 86 eee ei 
eee 6E°6 eee eee a eee 6L6 eee eee eee coe aR ee 6c°8 eco aes coe con 2207] 
UN A 1eG'g | °° eee sé wey sUr}O]/] pue weuiy 


66 see eee eee aK 6L6 eee eee eee eee oN - 
0ré6 pee os coe eee ZN 02°6 eee eee coe eee eee BN sos 0°6 ove eee sue eee eee poomynos 


eee coe eee see see N 176 cee cee ace eee eee R I 6 eee eee eee see eee i eee eee fete dnopis 
* see eee eee cee se soe eee . eee see eee eee aes eee ‘ eee eee 
see eee see see ove EN 136 x 3) yon] 


sone U29IF) [[EYEUoIS 
nce eae Aco owe Safe sels 66 nee see Ka]UeMsG 


eee coe eee eee eee eee ‘dap eee eee weysumuse 


(ee) 

uml 

for) 
9. 
Wil ~ 
Or 
ai} 
"coo 


I 6 eee 


eee eee eee eee eee eee eee 0 6 eee eee 


wee [cee | vee | oe | oe lgzg 


yor | cor | zor | tor | oor | 66 | 86 | 26 | 96 | G6 | v6 | €6 | 26 | 16 | OOF | LOL ZOL | £01 por |sor| 901 | Zon) “°° “ON NIVEL 
SNIVET, dt) 


‘panuyuoI—NOGNOT ANV dfodis ‘NAVHONINUVH! °S 


244 


‘8—G “SON “SUIIO}E] q ueqingns 19NnNQ—'s"9 


ve |e Jered + Ere tn] ennsttt| rat) ° levor | | zg orleeot|_2_iseor| jo fo | | oot wreusunuey 
aoe eee L Fal eee LV TL eee L311 see 1 ‘TL ee aoe eee oe L101 see Sanne OL eee see see eee 66 ee eee s*KaTURMG 
coe eee G Vail eee crit ‘ eee vail eee G sail eee Sry eee eee C70L eee 82°01 eee eee cee eee “ec coe uselt) [[E4PUARIS 
eee eee Zz ‘21 ae ap IL | a 23 TL ieuele B cit rem eos eee eee SP OL eee t eee eee . eee 6 eee eee Kel) YON 
evel) ° 6S TES IGE IT | ee Ter tt EL LL6S OOS OF we pos 1 168 0162 OF soar Se ICC OE an las) oF) “uy “+ dnopis 
OLZL eee 0c" IL (Se IL or IL 1¥ 01 ete eee eee LE 0T eee eee 6T OL taki ce eee eee poomynos 
aeon 2 ZV TL 16 TT Z°TL vr ol ee tot ee OL ss 1 JOTOLPLOT) “ wreqsummoj,y pue weqay 
(aed N ls vv TL ions v I Ty 01 roOlee i Te Ol See cs ad] a a ae ES | 
eee Se setae ed | it te PEO Ae SO 2 ee0l gol a | a | PO | jo ce Uneasy 
eT eee aS LE TL AN aS LUTL aN aS 15°01 aS PE OL AN eee eee 12 OLIPS OL aN aS AS CLOT see eee eee “AAD °** eee weYyyxo9g 
OSIL| “° [SP ILOE IL /szULlsz UO ts ‘ITO “TOS OL Sr OT\Zz OT|Sz OT\ez OLIZ OLET OLLT OTST OTe OLE OTL “OTS “OTe “OLE ‘Or| 72? -~ eo **"UOpUuoy 
oh 1h | OL | 6 |SO| Zt | LE |SO| OL | EL | GE /SO| 6 | OL | LL] Z| G6 | OF | WL | G | Ob | UR | GR | WHOLLY 
LOL 16 | 26 | coL| ze | 901 | 001] Gt | boL| b6 | 26 | SE | £6 | bE | G6 | 96 | LE | 86 | 66 | 8OL| ZOL | 901} Gor; “ON NIVEL 
SNIVET, NAOT 
‘panuyuoI—IWYWHONINUVA GNV dNOdIS ‘NOGNOT °9 
at |}SO | FE | OL | 6 GE | OLE OL | EL | ob 6) Ol eth eh 6: Ob AE 6) Oba LE eho)” fo OSL 
OV ITIGETLSZ LOTS IT} “° (0 TESP OT! “* [OP OL/TZ OT/GT OT) © (LIOTSTOTET OL 11 OF ‘O16 “OT “OTL OTIS “OTT “OLIGS'G \Z9°6 S96 | “44 “° me *-uopue?y 
eS IL cT IL eee GOT eee eS OT eee eee eee 9c°6 sé eee eee ureyypeg 
62 IT 6 ‘TL ie eee 6r 01 oo 62°01 + eee eee wee 8°6 eee + “ec eee eee UIeYsIMe 7] 
93 TL 9 ‘TL eee OF OL see 92 01 eee a eee 6S°6 one eee | ee eee cee tee 307] 
€Z IL ¢ AE i j wee POL ik see €30L eee aN 6S°6 eee eee eee ub 66 weysulqioy] pue weyayy 
02 TT * OT *® | -° FOL * | -° COL x cose halt) Ua a Bk er ee 1 pocmnccs 
SLI IVI 89°01 IS'OL eee 8f°0I If 01 eee SL'0I eee HR I Ol eee eee eee eee eae uN I's 66 nee eee dnopis 
eee 8 ‘TL soe 87 OL eee oe 92°01 eee coe x eee T ‘OL son eee ove eee eee eee x 1v6 ee 66 eee see Aely UNOK 
eee ps te eTnN is CF OL eee see CZ 0 eee oe d vee 8G°6 on see eee eee or oes d 8E°6 swe 66 aes u99I5) []Pyeucis, 
eco AN ¢ ‘IL ose °F OL eee eee €3 OL eee coe aS I ‘OT eee AAD eee eee eee eee eee eve AN T "6 rie eve 66 ave eee ++ AaTURMG 
nee LUILSS'OL eee Sf OL eee eee ST O1 eee ace 0 “OL eee eee eee aoe eee eee see oe eee 0F'6 eee eee see ‘dap aoe eee wieysuimes 
LOL} O€ | Z6 | G6 | EOL 90} | OO LOL | 16 | 26 €6 | b6 | S6 | 96 | 26 | 86 | 66 | SOL | ZOE | 902 | SO | ° “* “ON Nivay 
SNIVET, dQ) 


‘panuyu0oIi—NOGNOT GNV dNOdIS ‘WVHONINUVA °S 


245 


*0-¢ “SON] ‘suLIO}e] J ueqingqns JajnOQ—'s§ mt) 


BOO Ertan hte octet ten hs ere Am wey ers ng Se en a a cr 


ZS see ZS FI eV Pl eee Zep eee eee Zbl eee Zoe] cP sl eee zee aes eee ZU&l eos eee 7S°Z1 er Zi eee Z'Z1 66 owe see weysululey 
ik se ase LP FL eco LOT see eee L ‘PL eos LYEI eee 13 1 eee oes L 2OT ase eve LVSL eee LB ZL 66 eos see ++Ko[UeMG 
c “CL eee Cr Pl eee CZ PL eee tee G “PL eee Crel ar CET eee eee (e ST see API CrZl eee COT 660 ee user) [[PYPLAS 
6 GT|_ ar v1 eee Kove 16 PULSE Oe CCE. fe Gt. | ONO) ___|60 61 Ki oi s+ ABI) YON 
6S PLIES PLGE HE SEvLGLPVELpl) “° 6s eres PS EL6e El SESLGTELersl| “° 6S 2TeS2t) “° GECT &¢ Pe ZI\6E' ZI ai Be -*+ dnapis 
OS >L Veal OLruG 0c'eT OE €T OLel 5 OST} °° OF SL tO ee Pee 
LVL LOL Dis, Vea LV EL t LG €T Di Lote LvOr| °° L661 “ ureysurpoyy] pue wes] 
as POL v Pie: bP ET POET i tally Pr st) °° ora aS ee Sa Penk 
jh ivot] b | A let] & [tot | A oret] A | A Teel] a cel |] py eo | | gk A A] ENT 
ewer lo ube Weel | West | ™ Tet LSet) eon | fT AcDSL ee (beg gets eed 
SPOS TST HIST PION PIS PLOSEL| “* isretoe Elise eEls7 stoners “Erosgct| “° sr Zroect) ~~ GZZiszztorzZus “Zt| 4P * a **UOpuoy 
6 | ob | HE {SO | OL | G | Gb LE | OL | 6 |$O| GL | LE | OF 6 | ob LESSOR OLR Gr le WuOALVI 
16 | 26 | 26 | LE | SOR | COL | LOL 0OL | 26 | 16 | SE | SOL | 26 | LOL OL | 26 oor | of |90F| 16 | °° “ON NIVEL 


SNIVE], NAO 


‘panuyuoI—INVHONINUVA GNV dNOdIS “NOCNOT ‘9 


a 


6 | ob | Eb 1 OL | 6 | 3 |SO/| LE | OL| 6 ok | tL | OL |SO} 6 | Gt |SO| EE OL; 6 | °° °° WaosLvig 
STFIOZ HIG PI] - (0 ‘PIS ETOPSTISE ELS7er\Oc ets “€t) “* (0 Et SP ZI OF zi ZISE'ZLG2 cT0Z ZEOL ZS “2 “° (0 “CTSP IL fe ei _ *** Uopuoy 
eT7L noe 6G CL e&€T eT él EGO ESOL eTol vO Teer] E oe ae Waeeed 
6-o1] t | lever 7 leet él t | erat t lesz t | t feat) t ~ leptt) fF] Soc ereystmo] 
9 ‘PI  OPET 9G €T W) tall me Riel 96°61 9 “OL (OPTI Bee fn cy el 
1 let] 4 | evel] 4 lever JL eet] 2 | erat 4 feoat fp & 3 sh aaprier Cie) 17 ener are A Poe carp a 
R WO pl] ® | (OVEL * VET A 10 eT] ®& | * (OV OT) * [OCCT A 10 [GL ise bas 0 49 1 a | pee DOOl sts 
ITPISS ELIS EL) -* SE ELIS Slst et IVSLSS LIS ZL) “(SE CLLE SST cE T20|8S tt ISTE)“ SE UNTEIT) 7 “+ dnapis 
8 ‘TL eee Srl 885 oon 92'S eae 8 eli -- 1OPST] Gos teva ail) occ i ray 8 SF IL eee se OR TL 5 see sala Aely yoy 
G TL inte. GPL eee eee Gs eT eee ak G eT see cv OL wee eee GS GL eee é G OL see pk CV IL eee eee GS IL coe u9eIr) T]P4e2°3S 
° ‘PL eee €VEL eee eee eZ EL see BN ¢ eI aoe SPSL eee eee ES SL eee ZS ¢ Ail see BS €P IL see eee eS IL 66 ave see -+-AaTURMG 
seq] «* [seen] | °° SEet) -° (LTSTss ory ss Wgezpl oe | ct SESE] co LE SESS TE) “°° 2G TBE TE) | STEEL ‘Gap ** “ WueysulUe 4 

16 | 26 | L6 90) | £01 | LOL | LE | OOL 36 L6 901 | 26 | LOL | SE | COL} 26 | Go | OOL DORA IG ee ee) ON NOEL 

SNIVET, df) 


‘panuyuoj—NOGNO'I GNV dNOdIS ‘WVHONINUVA ‘S 


246 


“AOR0T] [PY —" WS 


‘9-¢ “SON *SUIO}IE] J ueqingns wINO—"§ 8) 


tee eee eee eee 25°91 eee eee eee eee 0791 eve Ze Ol eee eee ZT OL coe ZC] cP sl eee Ze'ST SI'S eee eee 6 vee eee weysululeg 
eee eee eee Te OL eee ove ooo eos eee LZ 91 eee cee 1 ‘OL ooo LYST. eee LOST eee eee 66 coe eee AaueMG 
eee eee 7G 9T see eee eee eee eee GZ OL eee eee (@) ‘OL eee Cr cl wee CZ'ST eee eee 6 ene uselry [[FY2403S 
see enna) Coa:) eee eee tee ace —_|88 OL iD eee “A ‘OL IOP ST 188 ST aek eee “e cee eee Aely qUon 
—__|ES'9T eae een eoenen (SG: 9 0 OS OTGTOTET OT) “* |6S°STies’STiée ST ee Stier st SESE eh ces ee + dnopis 
6G°9T + eee eee eee te 13°91 OTST eee 0G¢°ST OE ST OST eee os aoe see poomy nos 
eee see ene uN 7 OL /h ‘OL eee LEST 1391 t 1 CL eee 66 wreysungjoy] pue wey 
eee PE OL eve 92 9T IZ OL ii, ‘OT ene br SL FO'ST ii] CL eee se coo eee eve a7] 
RiAla lala ly] | a | BESU gy (LCST | ge IEPST) a | a [IOST] A | A LST] ] “So weystmory 
ZN ZN uN as 50) |) Bac | daa [4S -- IPTOT] *® |ereT] - AR lyoqq| # AX ToT * AS GBT <-> | °44p -** ore weyyPe4 | 
SE'OTI9E TPE OTIZE TOE OT! “° |Z OT 02°91 L OTS “9TOS'ST| ** [SP'STOE STZ STSZSTONStis “Stio “STS PT] - |"dap -- We “** UOpUo'y 
LL | GE | 6 | OF | UL oh Lb OL | 6 | Gb LE | OL | 6 |S$O| GE | LE |SO | OL we sss WAOALVT 
POL | SOL | €6 | ¥6 | &6 66 OOl | INH | 9OL|) 16 | LOE L6 | 26 | OL} OF | 902 | OOL| Ze | LOL Ge hots LONG NT Ne: 


‘Panunuoo—WWVHONINUVA ANV dNOdIS ‘NOGNOT ‘9 
| 


OL 


be | oh |} G | OF | LE GE |SO | EE 6 | dt |SO| LL | OL | 6 oL | bb 

CEOTOE ITZ 99S 9TP29T| “ OZ 9TOT OTIS “9T| “* lO “9TISP STlOPSTise'stise’stioz’stis St] -* \0 “Stich eT 
eee eee eee LT 9 eee €T OL eee eq cl eect ET SL eee eC PI 

+ SoM beat OLnr il FXG “OL 67ST 66ST 6 ST  6DTL 

q SLO." | **° OT ST9)"91  1OPGT 96°ST 9 GT OP DL 

* WSroql \ + | -- lergte ‘ot a | ePST] 4 lessor a 6S A | levet A 

BLOT eee eee eee eee OT'9LI0 “OT HN ove OP'ST aS 02ST aN 0 ‘GI aN one OV FL aS 

Va lame eae | omer | cea BO RBG Cy. IS'ST| ** |SE°STLESTST St IPSTSS PLIGHT) “° \Se rite ol 

eee eee eee eee eee G OL oe SPST eee eee 82ST eee 8 CT eee SP TL eee ose SZ FL 

eee eee wee eee eee Go “OT eee uN Cr cL eee eee CS SCL eee a G ‘CL eee CV TL eee eee CCFL 

eee eve eee eee eee 0 ‘OL eee ZN Pcl eee eee 3ST ese AN ¢ “OT eee CVPL ese eee EZ PL 

eos eee vee eee eee SS°ST coe ZS S18e°ST wee eee SI'ST seo LVSU8S PI eee SE Pl eee eee SUP 

vOL | SOL | €6 | 76 | S6 [WY] Z6 | 12 | OOL 901 | 16 | LOL) 8b | 26 | 26 | con SOL | OOL 


SNIVET, NAOG 


n 
s+ 
N 
OL so eee ece WYOILVIg 
OV PT ise bt) “47 «OPC 
cE PL a 20% weyyoeg 
6S FL Pees <o wreystma"y 
9S FL se eee eee eee 207] 
ES PL “ weysummosy pue weyyyy 
OC PL 7 ae “se poomy nog 
SUFI vee vee “+ dnopig 
eco i apy eee Kery YON 
eee Ne GON See U90IF) Ttyeucyg 
eee ZS 66) eee see *+-£aTURMG 
rp Gp oo weysuruey 
toh | og | 7° “ON Nivay 
SNIVE], dQ) 


‘panuyuogi—NOGANO'T GNV dNOdIS ‘WVHONINUVA °S 


JOOP] [2 Y—"W "a "9-G "SON ‘suLO}Je]g URqINgnS 19INQ—"g"O 

ee Ade td > 1g Seer ede bak tS ke PR oe ee ee ee 
eee eee eee OF LI ade ess eee EL Gan ain eee occ eee eee cee aor t eee see oe chic oce 66 nee oe weysuluey 
eee eco eee Tr LI can eee lege" eee Ado AOD cee eee eee eee eee AP eve ARE eee 66 eee ese AaTueMG 
aoe eee eee 6E° ZT ene eee PE LL eee eee eee eee eee eee SLLI Tie eee eee one eee eee 66 eee uaelr) [[fY2UFS 
nes 558 es 9°°LT ee ea aate awe aes 400 eae Sate LI AS Ae Aon ano aa ; metal ere Aely YON] 
eee eee ee Li occ If Lt eee eee oe eee eS IE LT eee eee eee eee aoe 2 eee eee dnapis 
eee aS Z Ab eee ooo eee aoe eee ___IGT AT eee eee see eee wag hi eee eee poomyynosg 
ore ee ZT 000 ose B00 aon cue eT LIT nae male [ieee see €G°9T $6 weysurqoj/y pue weyyy 
ce ZT eee ese eee eee penea iA eee eee lec 9T eee eee ve eee oe eee 237 
Set Dh! ae te i HH il Se TL ale ke ; af I I TOT ec On ose wieysiMo] 
vee [ieee | AR] wee | eee | ROL RO] RRL AR OBEZT) oe foe | oe R\|AR|A)| A! A WOOT | ee lo le | ae coe wreyyoag 
ZOLUOSTLUSELT| “| 7° (OV LEPELIZELTOVLI9 “LIP “LT/2 “LEO “LTSS'9T/9S°9T\PS' OTIS 9T/0S 9T/9P 9T\Ph OT Zr ST * lop gt] GP“ pe *** UOPUO} 
6 | OL | UL zL| 6 | On] bE | G | OL | EL | GE] G | OL] EL | TE] G | UE | Gt] G6 OR So ard 

€6 (SOL | POL |INY 101 | 66 | ZOL| 96 | 86 | 16 | LZ6 | OOL| €OL | 90) ZG | LOL | SOL | 96 | cOL| 66 JOR) f) e ON EL 


‘panuyuoi—INVHONINUVA CGNV dNOdIS ‘NOGNOT ‘9 


SNIVE], NAG 


6 | OL | UE solzt| 6 | or) iu) 6 | orl ur] ae| 6 | onl] ee) ae| 6 | ue | ae | 6 So] or | “*  MuOUVId 
ST LUPULECELT| ~° (OF Li OL LIS “LI9 ‘LIP “LEO “LISS 9T/9S TPS 9129 9T/0S 91 8h ITF STP OTOP OT\SE ST9E 9T\SE OT PE ST x aoc ice ae “USpuoy 
eee one eee eee 1g OL eee ove eee Ike oL eve ce weypoeq 
oon + nae s+ \JG°QT| -° siete see YOOT] ‘\ “h Soa eee aisle) wieysiMa | 
BS eee | eee 9G°9T eee eee a eee SE OT eee eee CO ei a aie 22"7 
| ile ZN ee 9C°9L 506 Soo eee Be aS 8E°9T aoe eee eee ae se weysulnoy] pue weyiyy 
se EN 6G OT ove oe ais ove eee jt ZN GE OLIGE OT eee wee ove i AR 66 see ae poomyjnog 
R 0 ‘LI °° eee oes ove ove eee uN Or 91 LE OL €£°91 see see ose ON 02°91 ha aS aes dnopis 
OcLTl | oe | oe Be leona | wocte aude zn OPO - WET | oe fo N 0°91 | Ree Scere Ac6 Kely yHoN 
19° 9T eee eee eee BN eee eee eee eee a Le OL eee Te 9L eee coe eee cece a LT 9T a eee ee see uaeIt) [[E42U0I9S 
eee ase eee eee AN eee eee eso eee AS Or ST eee eee 62 91 eee eee eee eee aS 02 91 eee ZN eee C6 eieie’ eee AapuemMsG 
eee eee eee eee ZS°91 eee eve eee eee 62 91 ceo 0f'91 eee PZ 91 eee eee eee eee 6191 eee eee LUO vee ‘dap eee eee weysulules 
€6 | SOL | POL ve | 10L| 66 | ZOL| 96 | 86 | 16 | ZG | OOL| €OL | 901 | ZG | ZOL | SOL | 96 | ZOL| 6G | LE | LOL) ONEN AUT 
SNIVa[, df) 


‘panuyuoJ—NOGNOT GNV dNOdIS ‘NVHONINUVA “S$ 


248 


“10,07, [PY— W's "Qa “SON ‘SUIOMe[g URqINgGNS 133099 —"s'O 
zest| °° coe anc eee ove eve pleco e oT} 2 eee eee see eee eee ee eee eer y ose a eee Co eae 50 weysuiuey 
eee ee eee see eee see peat | TA eee eee eee eos eee eee see eee Been | eee oee eee St wee eee KaTURMG 
see eee see eee see eee PLT eee eee eee eee eee eee eee eee PG LT eee eee see 66 eee u90IT) [IEYeUIS 
eee eee eee eee eee Tel eee eee eee eee eee eco eee A OA eco eee err 66 eco coe Aely yon] 
cee eee cee CTRL eee eee eee see eee pace iy si eee tee see A" PRCrYS vee poomynos 
toe eee ) es: €TS8T eee eee eee ae eee eG ZT eee oe see sé WeYysulyjOJ/] pue weyyy 
eee — eT Sl eee eee tee eee LT ese eos eee eee ie “cc eee eco soe 207 
ar meee OL seo ooo a oh ak ke eee ee ei7ail eee oe eos Ae A pe ie pe coe se SAL 66 eee eee weysiMa | 
ZN PLOT eee ater hos BN ZN BN EN eee GL eee cee ose eee ZN ZN ZN EN EN eee bE LT see "MID °° eee weyyseg 
OL'S19 ‘SIlh “STZ “810 “SESS LT/9G ZIPS LTIZS LEOS LT OP LTPP Leh LT] °° OP LISE LISELI PE LTE TOE LT] “Se LT be LT) Pop = UOpUOT 
6 | HE | Ot | 6 | OL] tL | ot | G | OL | EE | G | OF | UE cL} 6 | OL} UL | ok} 6 BE | Sk | 0° ) | Wea Ig 
801 | 96 | ZOL| 66 | LOE | OL) SOL| €6 | HG | SG | 801 | LOL | 26 901 | £01 | OOF | 26 | 16 | 86 96 {| 961 ON ANUEE 
SNIVa], NAOG 
panuyuoI—IWVWHONINUVA GNV dNOdIS ‘NOGNOT ‘9 
6 |u| ze] 6 | orl] ee | ae| 6 | on] ue | 6 | OL} UL | SO/ Zt] 6 | OL] EL | | 6 te | ab | | WeoaLIg 
F ‘SLO STIBSLI9S LIPS LLZS LT0S LISP LO LIPP LIOP LISE LISS LESE LIE LIE LTOE LISS LESS LIPS LT) © OS LEST LT) 440 ~~ ex “** UOpuoy 
1° LT ir ee eee eee VASA | ace eee B50 LU LI eee C5) Wises eee weyyxoog 
aes i} wre AAT LELT wise i} eee toe LULT eee see “ eee eee wieystme'] 
eee oN eee 8E° 21 eee ene a eee 8T LT eee eee eee oe were Se alate 2] 
eee ule aN BELT eee eee eee BS ZS ST LI cae ase er he ‘“ ureysulnojAy pue weyyy 
rad Ave gN BELT) - aaa ane dee se UN GL LT pas Pak Ais a Boer rest abe pie poomyynog 
nee EN OF LI ae ae beth Sard eate mN OZ LI eee eee eee eee eee PILI ce eee eee dnopis 
eee EN OF LT eee eee eee tee eee eee EN 02° LT one eee eee eee eee eee JR At nN “ eee see Aely YON 
soe d LE: LT hes see eee eee One eee a AAI nN eee eee ove eee ose sve 8 aT d CE ekwciee uaalr) [[Pq2U0IS 
eee ZS OF ZT eco tee ove eee eee eee eee AS 02° 21 eee AS eee eee eee eee eee eee 9 TBE ZN 0 Wi s eee eee AgjUeMG 
eee 6E° LI eee eee eee eee eee eee aes eee 6T LI . tee LVLY eee vee eee eee see eee I “LEGS 91 eee ‘dap eee eee weysuiuses 
801 | 96 | Z0L| 66 | LOL| POL | SOL| £6 | H6 | G6 | SOF | ZOL| 26 | OF | 902 | COL | OOL| 26 | 16 | 86 |W] S6 | 6 | 7 CON NIvay 
SNIVAT, dQ) 


‘panuyu0oIi—NOGNOT GNV dNOdIS ‘WVHONINUVA °S 


249 


*IOJOTA] [°Y—"wl ""y *8-¢ *SON] ‘suO}IeL ueqingng 131nQ—'"$"O 
me en ee ee eee ee eee 


eee eee eee Soe ZT ey eee 6 61 eee toe coe eee eee eee lees eee eee eee eee eee eee eee cee 66 Pines eee weysuluies 
eee eee ae IT6L eee eee eee ee slate eee eee eee Tc’ 8T ana ole BAG wise ae ove SATE 66 nee see AajuemMsg 
tee see PLL 500 ae Oke eee ee ae Rae #O° ST a0 eee ove eee one see PE SL $¢. es0 user) []PY24#09IS 
ele TT eT aes a3 ae Le ee ae  T@OT aes oa p00 ACC eee * ITEOT 66 nee see Aely yon 


eee Il61 : eee 69°81 eee eee eee eee IS’ 81 see eee eee eee vee eS “ce eee eee dnopis 


a re [te [oe | ose | ee EBT ve fone [ove | oe EBT ‘ 568 “+ poomyynog 

eee See oes tee eC OT wale see see ce “OL weysuryjoy/y pue weyiy 

ses bee Be en G81 eo eae fine COT cre ti + ‘ sae ete ate ae] 

vee + | os GBT] oe | ce ot EBT ee | oe , AB ser see ureystMa'] 
Z als g ore 4 y als 7g eee Zi g gs BN tg 

-- | R|R | BR | R HUST cs |e | ee tee TRL RT AT RR Beet cs | oe | oe | AR] ORT OB] OBS le see wey ag 


i 9981 pS’ 81 29°81 /0S 81/9F ST PP SIZb STOP ST8E ST9E STIPE STize ST\Oe 819z SIhz 8Lizz 8107 SLST S191 SIiPr stick 81| dap ~~ ey po BORRT 


Ol | WL | ak | 6 | ub Gb | 6 | Ob} Ub | Sb G | OF} EE | G | OF) LY GE] G | Ob | BE | GE | WuodLvig 
OOl) 26 | 16 | 86 | S6 |INA| 6 | £6 | GOL | vOL| LOL | 66 | zoL| 96 | 86 | 16 | 26 | OOF | Cor | 901 | ze | ZOL| ~ SNS. 
SNIVAT, NKOG 


“Panuyuoom—WWVHONINUVA GNV dNOdIS ‘NOGNOT ‘9 


ee re eee ee ee Lee Te OO Cine ata wets (ok > So i Lk Pee RS. Ti 
SO | OL} ue | ae} 6 | ou wh} G6 | OF] ee | ae} 6 | on} ub | 6 | or] ue | ao Ob} bb | ae | * WuoaLvig 


6 
OS STS SI8h STSr SI Pr StOrst| se STi9ESIPESIiceS10e S18z S19z SIPs ST0cSISESIOLSIPE SIZE SI0FSI8 819 SI\ “7 -- --uopuoy 
eee eee tee LEST eee eee eae eee LU8T eee eee tee 6e eee see ureyxpoeg 
po eee L1&°8T oo eee eee oes LU8L ore ee eee ASWAT A Se i v6 uleysimMe] 
s+ IQeeT] ve | oe one a |: Iecetl | d ss IQQUT) oe | oes ot Cg | 
BOOT] ce [cee | oes nao ; R Norgq| v | ve | oe AN l9G° AT) ve | ote “  wieysurjoy\] pue weyiyy 
eee eee eee eee ee BN 6L'8L see eee see ee gN 69° ZT sae aes eee 66 aoe eee poomyinos 


Ach th Aas sere leree AS x oz’sI| * Se etal Wee, whee AN 0 ‘stl - cc coy ace see dnopis 
oes eee eee eee eee x 02°81 BoC eee eee eee eee eve x 0 SI eee aiate eee aes eee 66 awe eee Aely yuony 
eee eee eee eee eee ° eee eee eee eee eee eee “d eee eee eee eee eee &é eee 

A a LTT . Lg LT w29IF []PYPUEAS 
eee eee eee eee aS eee eee eee aoe eee eee eee as 


) OT eee eee eee eee eee eee ee eee eee AsTueMG 
Ze SI ese eee eee eee 6181 eee eee eee eee eee eee one eee see 65° LI eee eee eee eee oes see see ‘dap eee ore weysuiuies 


9€ | 00l| L6 | 16 | 86 | G6 06 | £6 | SOL | OL | LOL| G6 | ZOL| 96 | 86 | 16 | ZG | COL | COL | 90L| ZG | ZOR) “°° “ON Nivay 
SNIVET, dQ 


‘PanuznqUuoI—NOUNOT ANY dNOdIS ‘NVHONINUVA °S 


250 


*L0}0]/] [®°Y—"W a: | *9-¢ *SON] “sUIO}IE[ ueqingng 493NO—'S"O 

see eee -- lt oziss’erizs'6r| “ lepet] °° eee oes eee see see Suze Gy see eee “ce ose ove see | see 66 nee “ WUBysUlUieg 
cee wee wae 9C°61/0G' GT S00 cee Bere ees wee Bee a OBL AAG CAS, Res Ant iene DOO eee (Ta ey eee AatuemMG 
eee eee eee FS’ 61 eee eee cee soe eee eee bE 6L isles see eee eee eee ooo eee 66 ees uaaIt) []P4eueIsS 
eee eee ase TSG AGG eee ese bee ETO C), 4} ele sae eee cea see Boe. “sie Ceres eee Kel) YyuoN] 
eee IIS 61 eee eee eee cee re 61 1¢'61 ooo eee eee coe eee ose iia 66 nee eee dnopis 
__|89°6T eee o tee ___|I€6T cee eee eee eee eee Lee ARTI 66 eee eee poomy mos 
eC°6T ooo eee ants Ce'6L vee eee ooo coe Neen CTCL 66 weysulqjO]/] pue weyyy 
see eee 88°61 eee : | eee eee eee IEE. ST 6L eee oe eee coe eee a | 
eee BN a a Bs ps eres x E61 eee eee a Bs a BS an see eee SS PECL see eee a “6 see eee weysiMe’y 
eee aN aN aN AN AN PE'6L aN eee eee eee aN AS ZS aS aN ose eee PL EL eee eee soe AN “AAD *** eee weyyxsog 
OF GT\SEGT\9E GIPE GIIE GT OE 61/97 GI\SZ GI PZ 61/22 GL\O7 GIST GLO GLPI GTiZEGrOLGI| “* | “* |9 “6tlp “6Liz ‘6L0 ‘6TiSs'st| 7p °° i uopuoy 

GE | 6 | OL | LL | OL] G6 | LL |SOJ| GE} G6 | OL} EL | GE} 6 | OF | UE 6 | OF} EL | ob | 6 | 7 -WaOdLvig 

OOL | £01 | 9OL | G6 | ZOL | SOL | 96 | 9E | ZOL| 66 | LOL | POL | SOL | €6 | ¥6 | 36 801 | LOL | 26 | 90L| cor) ~~ ~~) ON NIVEL 

SNIVa], NAOG 

panuyuoI—IWWHONINUYVA UNV dNoOdIS ‘NOCGNOT °9 

ot | 6 | OL | EL | GE | G | GL ct | 6 | OL | LL | OF | G | OL | UE SO; 6 | OL} LE] ok] 6 | °° | WaOdLvTg 
DE GTCE GLOE 6T82 61/9 CIPS GTOZ GT) “° ST ELSL GLP ELIZE GTOL GTS “61/9 “6Iih “6I) “° 10 6TIO “6I/SS'STI9S'STipS'SIizs SI] “440 -- ice uopuoy 
eee ove ced LU6I eee eee ee vee 19°81 tee ao UG ose weyyo294 
AGB eee LIU6LI eee eee eee eee 19°81 cee tee " 6e ase eee ureysimoTy 
a eee ST6L eee see eee aN eee 98G°8T eee eee see | BN “é eee eee see 307 
y ZS ST6I eee ooo eee eee pe ZN 8G°8T eee eee eee eee | Be aN “ weysutyjO}\] pue weyyy 
BN 6I 61 ace coe eee ote eee a BN 6S°8T oes ase eee tec eet) a ZS 6E°8T “6 sea eee poomynog 
02'6T eee eee see see oe eee uN 0 61 eee see eee ry wee SSSI ON OF ST ace sé eee eee dnopis 
eee eee eee nee coe aoe cee x 0 61 eee eee see coe eee vee 69° 8T x OF ST eee eee 66 eee eee Kel) Yon 
eee aoe ote see eee see a eee 1 "ST eee see see eee eee soe see a BS LEST eee eee 66 kee useI5) [[Eyaucrs 
Soa) |( tees ooo wos eis, oes ZN *2° 10) SETI! --- oes wee see eos see “+ |BP OT ZN ZN OF 8ST - aoe vee €t * wee eee Ag[URMG 
eee eee eee eee cee eee 65°81 eee eee eee eee eee ase eee eee eee er’ sl Zr Bl 62°81 eee eee eee eee “dap eee see wieysuiuse4 

OOL | €OL | SOL | C6 | ZOL | 80L | 96 cOL | 66 | LOL) POL | SOL) €6 | H6 | S6 |WH| 2 | 801 | ZOL| 26 | 901 | cok | °° CON Nivay, 

SNIVYT, dQ 


Peqto  NOCUNOT . ANY, 


dNOdIS “‘NVHONINUVA °S 


251 


“0107(] [!°Y—"IN "A 


*Q-¢ “SON *‘suLIO}}E] J ueqingns 132nN—'S$"O 


ZL2Z eee ZS 1Z\eP 1Z eve eee Ze IZIST1z eee eee ZU IZ eee ZS 0ZIEh'0Z eee | see 67 0Z\8T'0Z ove eee eee el 0Z oes 66 nee eee weysuiuies 
l, WAG eee LV 16 eee eee LG 16 coe eee Vf “IG eee 1006 eee eee 03026 see eee eee 8 “06 eee 66 eee eee AajueMG 
GEG eee Cr Id eee eee GS IZ eee eee ClTG eee GT'03 eee eee BS 0 eee eee eee see eoe 6e eee u92It) [[E42U3S 
S "66 ____|6V 16 aes eee 66 LG oes. eee o “16 pete ov 03 eee ___|6T 06 eee eee eee eee eee “6 eee eee Kel) quon 
6G TZES 1Z|6E 12 eee) 6r te E112) “* [69 02/€S' 02/6802 “* 1€€°0Z/9T 02 SW ee Me eR OC ee | cate he a dnopig 
0G TZ) OF 1d eee OL 13 woe 09°06 eee 0€°0Z eee eee eee eee 8C°6L eee 6s eee eee poomy Noes 
Lv Té L613) *** Mah We LV'06 + “* 118° 08\6T 08 ree fosee | see 1GGBT] oo |“ ureysunjojAy pue weyIpy 
bv 16 7S 13 see b7] “TS eee br'0Z eee 7S 0G eee eee eee eee oq 6L eee ee eee eee eee 293"7 
He THERE Se RSS hecho as 18 Mees laces FO pe dfs a Os ce i Oa cee eal me 
ZN Sate ZN ZN LT1Z eco ZN ZN 1G°0Z eee BN 1E°0% ZN EN eee LT 02 eee BN eee eG’ 6L coe eee wee "4AD °° eee weyyI9g 
Sp Izloe Ize Tzsz Zot Iz] °° |S “1z\o “Izlos‘oz| *** |sPozloe’oz\sz'oz\sz'0z| “* [OT'Oz|0 ‘Oz\0 “0z| “* \9r GT\Pr'GTIzP'6T] “| “7p ~~ pect uopucy 
cL | bE | OL |SO| 6 ot | SO} th Ol | 6 | dt | SO IL | OL | SO 6 | OL | Lb es WEOALV Td 
$6 | 901 | SOL | Le | POL 26 | ve | 86 801 | 901 | S6 | 8% Ol | SOL | 2% 86 | 16 | 16 i ON 


‘panuyuoI—IWVHONINUVA GNV dNOdIS “NOCGNOT ‘9 


SNIVE], NANO 


GE | EE | Ob 6 |SO| Gb IL |}SO | OL | 6 | Gb LL | Ob 6-| OL | LE, SO} ~*~ WeOdLyIg 
GZ 1Zl0Z 1z/S “IZ| “° |0 ‘Izizsozisr'0z| °° [OF OzSE'OZ|\Sz'0z|0Z'OZ/S “OZ “** | “° [0 “OZ|GV'GT) “° | “ \OPETSEGTISE GTISE ET) 47 ~~ ae uopuo’y 
CLT 1S eee eee €G'0Z eee ef'03 ST'0Z eee eae GT eee see ee eee eee wreyyoeg 
6 CTS eee eee 6706 eee 66 03 § 03 oe 6S 6167 6L eee eee 66 eee eee ureysimMaT] 
9 ‘TS eee eee 9F' 02 eee 93°02 9 02 eee eee OF 6L eee eee “c eee eee eee 307 
RIS TORS 0G eee | ae ln, ho 06 lee OOo aide ieee tev OULD [udp al ee “ wreysurjjoyy pue weyiyy 
GS 0 ‘TZI0S'0Z eee eee ZN ZN eee 02°02 ZN 0 02 EN eee eee OF 6T ZN see | ee i 6 nee see poomynos 
IL 12|8S'02/8h'02| “** |OF Oz\8E'Oz|TE Oz) ** \8T0z TT OZ8S 6TIS'6T] °° |PrGTISEGTSE GT) “° Pe 6T aN pit oe dnopis 
8 IZ Ao CP 02 ooo 506 son 82'08 ooo eco fe) 02 cee 8761 eee neC sialal wale ooo TEL as 08°61 ec nhs eee Aely qHuoN 
G Tz awe Gy 02 eee ooo eas CZ'03 eee coe ds ( 02 eee Cr 61 eee coe eee <8 eee QZ 6L BR LT6L a se eee useIr) []EYe4eis 
Cc ‘IZ wee 0F' 08 eee eee eee £706 eee eee ZN € 02 eos SP 6L eee eee eee wee eee 92 61 ZN 02 61 eee aS 66 wee ele Aapuemg 
gs‘oz| °° Iseoz| °° - logozisroz! °° > l)roziss'6l| °° \ge°6ll °° Bot pele eee + IT 6LI6r6r| °° + TTT ‘dap 580 + WeYysuIUe 

G6 | 901 | SOL POL | 93 | 6 86 | LE | 80L | 90L| S6 I | POL | SOL Wd) 86 | 16 | 26 | 86 | °° ~~ “ON Nivay 

| SNIVET, d-Q) 


‘panuyuoI—NOGNOT ANV dNOdIS ‘NVHONINUVA °S 


252 


“10707 [Ua 


"9-¢ “SON ‘suojqe[ J ueqingng 12INO—'S'O 


ees eco eee Le'0 eee 8 ‘0 Z1'0 eee eee ZS EZ eee 82 £Z/ZE EZ eee eos ZL&z erry ZS ZZIeh ZZ eee Zeo'ZZ eee rr) “cc eee eee weysuiules 
eee eee eee oc'0 eee EO eee eee LIVES eee 13°&3 coe coe 1 °&3 eee LV'32 eee 13°36 coe eee 6e eee eee AojuemMsg 
see eee eco 0£°0 ene G ‘0 eee eee Ch Es eee GSES coe eee G eG coe Ch 23 eee CSZS eee coo 66 eos usa) [[EY8UmIS 
ee acs oe | BO er eae OC Col lk IO Ole leres BOG GO os PN cig tony ARTO RHUONS 
ow ) s* 18p'0 1720 |€T 0 6G9°EZ| °° |SSEZIGE ETIEE Ez 6T EZiST EZ] “° 16S 22S ZZi6E ZZ €Z ZC\6T ZZEl Z| ree co dnopig 
eno FD 010 “+ 10G'E3| 4 [EES OT€3| 09°23 0683 4 [OTS | “vt poomyinog 
ug ee a oa 10 lara] | (L8'e2 Dy Wieake L706 1800) | [4 ol -° |“ weysurnoyy pue weysTy 
eee eee bE 0 v ‘0 eee br es TS ES 7) oS eee TT 3S FSGS ti] NGG see sé eee eee eee 39'T 
Cee teOiaih Odo hole Tres Niet) ea |) rea Ah Wiese) ki eel ssp So ce tease 
“1 G0} A jeces A | A | ees] A lates] ® | A [aged] | A lzess A | B® lures A gts | 0  wreyypag 
“ | *** 107° OL O [OS Ezios'EziSh'EZz) *° [OS EZ/SZEZOTETOL EZz\S “EZi0S'Zz| °° Isr’ ZZloE zzz 7ZziSz ZziOL ZziS “Zz\OG Tz) «°° | “dep -- te uopuoy 

LL | OL 6 |SO| GL LE | OL 6 |S$O| db | EL OL | 6 | dk |}SO| LE | Ob 6 vee see WHOALVT 

pO! | SOL| 86 | €% | 26 901 | SOL | POL | 8% | G6 | 86 GOL | 901 | 26 | 9€ | POL | SOL| 86 se ee GGA 

SNIVU], NXOG 

“panuyuoI—INWNVHONINUVA AUNV dNOGIS ‘NOGNOT °9 

ok |} SQ} bE | OF 6 GL |SO | EL | OL 6 ok | tL | SO | Ob 6 | Gb LE} OF} 6 |SO|~° °° WaOdLVIg 
OF'0 STO [210 |Z 0 \SP'E2| °° |SEEZOZEZOT EZIS “EZ EZ) “°° |SH SOP CZISE ZeSe C707 ZZ/S “ZZ! °° 10 “ZZ/SP IZOP IZISE 12] “449 -- a uopuo’y 
¢c ‘0 BEES) ET ES GSS} °° €E°6S ET 36  16G'1S E13 fen Se Si WALA BEYa 
* |r ‘o TEES °° 6 €% 6r'3a °° 62°23 6 “8S “GY TZ evtz) P| so treystmery 
| 8G ES Theta) 9 9 “& 97°33] °° 96°66 9 °66 “OPTS 96°16 a es ae ee ee l| 
at gc'eg} | [Svea | €°€3 1 ers] | | esse i |€ 83 J | lertz | lests “ ueysumoyy pue weyyy 
uN BG'éa| A Ievegi «| A 0°E3) A lors: | A 10333 A |0 a] A | |OP Ts) A losis ess “ss poomyyNoG 
810 OS'EZ/8h EZIET ES] [ES ES 89° CCIIS ZZ/8E Zz} °° ITE CCi8L ce IE 2289 IZ|IS iz) “°° SEIZE 1Zist iz ies at dnopis 
CTO wae CP eZ wars oes OTE 600 OP 22 eae ce 83'S ole 8 ig ASG OF IZ Aan were 8313 aisle CODA ca ove Aely qyHoN 
SL0 a eee OV £6 eee eee GTS an eee Ch'26 eee eee GZ6G eee nn G "OO eee CV 13 eae eee GZ 13 bee DN “6 eee usaIt) [[PE42U3S 
OT0 AS eee OF EZ eee eee EL Es ZN eee Ch 2S eee wee CBCG eee ZS e ‘BS eee €V1z eee eee 313 eee aS 66 eee eee AgTUeMG 
GO IG'Ezi\ ISS Ei “| 3 18 Sze Sti ° SEZ) °° | ANSE S2] ~ ILWZISS TZ) Set) |) °° STZ) “eA Tei dep os “ UuBysulUey 

G6 | 9€ | POL | GOL | 86 G6 | LE | SOL | SOL | POL G6 | 86 | 8% | SOL | 901 | 26 POL | 802 | 86 | 9€ | ° “CON Nivay 

SNIVE], dQ 


‘panuzjuoI—NOGNOT GNV dNOdIS ‘NVHONINUVA “Ss 


253 


*9-¢ *SON] ‘SULO}Ie| I ueqingng wvInNO—'S’O 1 SON ‘SUIIO}IE[ J oury uleyAj— W 


ee ee een et eta PU SS ee ee Pe De Pe aren Pe eee) Pe es 


W w |so/so/so/so so|so|so!so!|w |so|so|so/so/so| Ww {|so/so|*" °° Word 


aes fmm aa | oa el Rll acer ie oa ac al el) Se Se 


IN 
ss'6 | “" |SP'6 [0S'6 |Sh'G [0F'G \Se6 | “| “* joss | “* | ** [076 [STG [O16 [0 ‘6 [OFS [SP 8 lOF'S [SE's JOE'S 0 8 [0 8 OFZ 0E'9 | 4“ et py aued 


Z oilers fran eaite  l0P8 (BES OFZ | 4 TZ OTS /4P)...  uesieg-quoumvag 
aoe eee 76 eee eee eee eee eee eee eee OTs one 
eee 6L'6 8 6 eee eee eee eee 678 eee bT'S k eee 
eee €T6 eee eee eee eee eee e7s8 see 8 ‘9 eee eG 
6d aa 
eee eee LV8 928 wee TS I. 


[<e) 


9 66 eee Aouso1 4 ~Ajqurey) 
aoe Q “ce eee eee suuopne§l(] 
G 


66 wee see Austane7) 
geG “é eee eee SOUIIOFT 
83°C ee eee eee wee SO[SOlg 
VON ge pe unquan?)-1¢-Ae J 


oe By | oe CT9 |STS e) aypeig-INs-[INesqUOJ/] 


ro) 
COMO OCONKN 


RSs 
Md 


eee aoe see see 


9¢°8 coe eee eee 
eee see Ge'g see see 


ve R P6| see eee eee eee nN PER | - 
6 
eee eee DN 6e°8 eee eee ON i % 
T 


>™m 00000 
& 
S 
= 
aN 


8 

8 

8 ve eee GeZ, ee 0 9 0 ‘G C2 ESO ese [meyer 
eee eee 138 eee eee aoe Tr. wee eee vee ase og’s eee 6e see eee astoyey eT 

8 

8 


one ave wae p 962 | °° Ach FeO, ae tp | 66 see aAony-ins-ATLV 


ace SUIeg 


Ud 


: 
. 
SN. 
Cc 

. 
: 
. 
: 
° 
: 
: 
° 


eee see eee aS 632 se ses eee eee ce’ Ack 66 nee o 
eee susiWiy 


see [ices | eee | nee Poeee | eee [cee | see lageg | or Org |: 66 nee + ynooeusi,\ 
eee see eee eee eee eee aoe tee 1¢°9 eee eee ove <8 ore ose peuloc] 


vie pais sae aes 622 ahs 160 - ITRQ | ee are 66 nee see Jambnry-31S 
nee An esis aes eee eee wes s+ 197g | + eee sia 66 nee eee see A219 


vee |ovee [see | aes [cee Pocee Jove [eee log | cee Aca. Ie Bae i SO oe sapnos1y 
eee eee eee eee 6 ‘) see ove eee (6; 9 eee see eve ges COS Ja]A[~Ms-]MeI]Uof\y 
vee eee bouely 


eee see eee ove coe eee eee oee ts eee eee eee se eee eee eee S2[SON] 
ase tee eee sae ooo Aon soe s+ 19@Q | + EN eee ose 66 nee senbiug-ep-juog 


see oes eee eee cP'9 eee eee eee 0¢'S eee dys eee eee gee se ougojnog 


eee eee tee eee bE°9 eee eee see 6S eee eee eee 66 ose eee XNOIOUI 
eee eee see one 839 eee eee see CTS eee eee eee 6 eee eee esneyo,quy 
sor [osee [vee | one lag | ce | cee | ee IQ -g | cee Saeml| vase 66 ees asinbieyAy-yUesst \\ 


ace | aes tl co ff 8A |) a08 | coe |} cos. |p ago Iicco: Il coo J] ate [sees I) eda Ul Gos I) t) aoe pcos atte cee ace proyysy 


orl eee eee eee eee eee eee GE'9 see see aoe eee cee eee cee eee eee eee eee see ase eos SI's eee eee ‘dap eee eee SoipUuoy 


“+ Igeg lgzg | <= Rett lmceept| Maem limes 


a5 
oo 
Wt 
~ 
= 
a 
~ 
be 
ex 
rt 
oo 
as 
~ 
~ 
Ot 
19 
& 
aS) 
—— 


mi OD L9 


cor 
Nan 


g 


aa 
OOOO ye ~~~ OOM 

(er) 

ro) 

ce) 

sH 

iH uc2 

Yon) 


[X=] Om S&S cH Hid 
BG GB SS 


WM 
Wile 


z || twas | es] eg |o9] z | oz | ov | 89 | zp | 29 | ss | 8¢ | 19 | 6e | 1g | os | zg | 9e | 19 | FE | Os | es | CON NIU 


SNIVUL dQ NOLLOUS HONAYA °L 


254 


I o10jN] ey—w'y "9-6 "SON ‘SUI. LO L[ ueqingng JonO—'$'0 ‘P-L “SON *suLLOpIe] J ouly uley\I—"Ilj 


wf] w so | W so |so so | W so | W sO/W /SO/so/so|so|* -- waoatvig 


0s 
02°61 
6 “OL 


6S'TT| , 
Tot} 2 
Sh T1011 
oP TTsz Ut 
9¢°TI6T TI 
Te TIT T 
GZ TT¢ “TL 


ED coecores | css | oc 


To oe | fe | lozztlo et] lo erloe nt!“ loz trist tt] -- losorjos‘or| “ los ore orozorsroriorors O14 sue 
eee eee eee eee eee 0 Wail eee Gv LLOE' IL eee 0 ‘TL eee Of OT eee OTOL eee Gré Sd 


see eee eee ose see QC TT eee OF IL 13 IT 2S LL 9¢'0T OT see ree oP6 “4D uesio qJ-JuOUINeIg 
see see eee ee see 2G IL eee ‘SO OT IL 3G'01 oo A cee see 676 8e°6 Soe aba Aouset f-A,quieyy, 
see see eee eee eee CP Il eee 6 “TUS OL sisie ° , v6 see 66 wee cee euuopnslcy 
vee fosee [vee [eee | eee foe ty 300 0 ‘TTI9S0T te Seq || atc AR loeg i - | «eo. Ste AuStaney 
eee eve ove eee eve 92° TL ove a 93° 0L 500 eee ae 1V6 926 ave CO aa OA SOULLOF] 
geet | nee | eee Ye | eee ley as “+ 1OZ'OT oe CR al BR IWEC | |e | Me eee wees Sarsog 
oe eee ee ee soe OL IL eee eee 9ST OL Qo0 EN eee 308 CEG eee eee CR ss ulqueng)-3G-Ae J 
ase see see tee 2 TT eee oI |Z ‘OL SIG OL se aia CGr6 936 | -: see ‘dap : 

see eee O°TT « see oom i() ‘OL tee tee ope | c ee see ee sypgig-ains-[In1zUO FA] 
coe | coe | cee woe | coo | cee tee LPO o- | ot PEON Ait) ia ae Goi online oa (ae Coase see [IneqoIg 
ese eee ooo ooe ove ooo eee 8F OT aieie ove eee ge°6 eee ees eee eee Por eee se a aah astoye J eT 
wee ka ee Sars sor Saw ece uN €2 01 eco eee eee 66 eee eee eee eee eee eee 6é ace eee eee suIeG 
eee mee ose jf ice eee eee see PISTOL eco see eee cI'6 eee eee eee eee eee eee “dap “2 ; 
Pea cele lal Vege SORES 1 2 BERT aS Se) cakes hae 
eee TE SL oe eee eee oe woe urey/y eee eee eee eee co's eee eee eee eee eee eee e eee eate ynooeusi/, 
eee 93°21 coe eee eee eee eee eee eee ove see eee eee eee eee eee eee vies eee “cc eas eee yeuiog 
aoe Al ee see eee ose one LE0T eee eee oy wee =. iba ee gee Oy LO Gor 65 nee see Jambrny-1S 


eee ral Va eee eee oes eee eee see eee eee eee see eee eee eee eee eee eee eee 66s doe ee fiz’ AD01) 


vz 
| a CTL aoe aoe ee aes tee as eee OAD soe cee eas eee wae ee eee ee Sc ee see sojnosiy 
R 


WN 


1 7 
MM 


aoe suolwiy 


2 Or LU eee eee eee mee OF OLIST OT aes eee see see eee eee eee eee vee eee eee 6 nee J9TA[~ANS-[IMoIUO FA] 
GE TLI6S TL ove eee ks see BLOTIG ‘OT eee eee see eee eee reese see eee eee eee see 66; eve eee boue1y 
62 TL6T IL eee eee PE OL eee 6 OL woe eee eee eee eee eee a DEC tee eee eee eee eee “es eee aes wal S2]SON] 
IS TUITTIT -* | “* 9sOt 1 BE TS am Oi ie Sl faaelegec te Onmae oe 1 37 1 mea eg nee sonbig-ap-3u0g 
STILLS Ty eee ee 02 01 ane SS'6 0S'6 eee eee eee eee 0£°6 026 eee wee eee eee eee i... 


ZL ILO ‘Ito ITOs Olt or“ zs6 lore | | | ce  lezg ler 23 wee [cee | cee | oes |e ge moe eusojnog 
9 “LLPGOT] ** EOL ae OF'G IGE G | hos |e ee j ON ASO EELS). 4) ee BS || 0. HT aco ces SCS ooo see XNOIOUIT/\\ 


T ‘TL8P or -° 9 ‘OL -: Tr6 lee 6 ae eee ave 


aes €LT6 9 6 oes ee eee PGE eae eee aes sae gsnojo 
egotoror | | joo | | isee ieve | | | . ae 


6 eee eee see eee ese “cc eee asinbieyA-Juesst 
PN Zs IS . 9 
a x K os 
IS AN 
ZN ZN 
eee ae fcr lo Or] A coe eae SCS vee ose as see ZN eee see eee tee ee eee Boe ats ‘s 


pehoe as PLoyysy 
ad ony 0 ‘OI aos aa SAR 676 eee eee ST6 eee eee eee eee eee 0g'8 ors eee aoe eee eee Chk oo eee eee eee ‘dap eee eee soupuo7y 


255 


89 || 9 | 12] Gh] Z| 6 | 69 | IS | G | OL | Ch | OS |WH| 19 | b | 8 | &9 | G | 89 | 2} € | LG | 96 | HE | ID ys te CON Nivay 


‘panuyuoo—SNIVUL dd NOLLOUS HONAYT *L 


$0 |so 


Q-G ‘SONY ‘SULIOPe[G UBGINGnS 19INQ—'s"O 


so |;so| W |SsOo 


Ww |Sso 


‘P-L “SON ‘SUL } IE J ouly uley\|—"W 


WwW }soO|} W |SO/;soO 


WAOILVIg 


ovotioz on] “| | 7 | = |g Stlogersestlozst| «| - logptios et] “ jozbrisrpr “° |“ jostetjos‘etioseriozetios't) °° | sued 

OG OOM Mice owes eeeleomenlA a LiOG aT Oe Ws ie Of PL \0 ‘PI aa | asia O€ ET 0 “ET/0E'ST| “°° ae uesi9 q-juouNeag 
eee 9G°CT eee eee eee eee CP sl LGGT QC’ FL see eee 13 FL eee 9q°ET eee ees 13°&T QC°ZLIL0 SL eee eee 
eee te | POO 2h] | oo “+ IBQeT aes aes ZG°Z1 Ses £ ese Aousex q-Aquieyy, 
--* lopGyT} -* eee ee ac CPP. eee  lOPET see cee CrzZl eee Se ae rews eee suuopnNsi(] 
*-- IQ&CT| -* oon see ee OFFI] °° eee *° 1QCOT see cee 9F°ZT see is eee eee Ausianes) 
eee evaey | ose eee eee eee 93 FL ooo eee eee QZ'ST see eee 93° OL see % aia see SOULI9FT 
eee 02ST swe coe n50 eee Bt OS FI male eee eee 08'ST eee eve } 02°21 ose 6 eee ee eee So[Seig 
> lgpcq| A00 BOC ol hee g OTF doe ON - lOTET wee Sere ZN 9T'ZI| 4 ies 66 eee urquang)-3G-Ae. J 
ree [pcgqf cee | vee fee | oe at Lp fo 2 Pl le ‘gt 760. 4) Gor | Zz Sl h-zue ‘zt Pa ayoaiq-INS-[MaIUOJA] 

were AGS aie mae Ra 0 ‘ST eee 650 ne ie a a ale nob was 0 ‘EI lg gq] 40D v . 

eee Bao cas AO oes eee LVFT sae eee eee LYST Ae BAS ooo eee LFBL aes LV TL sists eee eee [mepIg 
stale: An 055 ose eee AOG i 9C'FL aele Arr eee QF ET eee iseiel eee coe ESL eee SE IL aoe 006 siete Osloye yf eT 
eas Aca eee eee ave ere ZN Of FI stare) eee eee Of ST aes eee sine oe pe 0€ ZI sine 0€ IL eee C6 see aAonj-ins-ATLV 
cee 200 mee see iota con uleAES PT Pyar ase nee © EL mae eee Save mae ZN CS SL etate €3 IL ale S$ eee eee see suleg 
eee aie Este S50 and + lg ‘oT STP Pan bob coe cT &I mele ara Ae vo dp "ey STZ mae STI ona ole os suony 
see aes, one cee eve “+ Ig oq] S86 ove eee eee eee wer eee sei elo «0 nae eos | °LUD . 
ane Ses as Aco nee 500 aoe Bee ware SOG nee See aes Acs Sc ac0 a oats are see 66 ase tee ynooeusi A 
Ree ee ctael eres Sc wel) my ete aioe cen Ml Nia atriowl bac weealiNesss|| uses Seen || cee aoe elie soa | esas 66 ase te yeulog 
en ee AA ice oe SEPT] oo S50 nae aes ace ewe ‘eee aes S05 eee ae ae Sea 66 eee see Jambny-3S 
wee we 605 ee wee ase aos see ase wee eae AGC cee sats cae 508 nels AAR ae aes 66 eee see eee A321 
cee An wee ete seeks meee SAe see Hibs eee oes eco pos oe paid fica B06 onic one eee 66 eee see sojnos1y 
eee cee eee eee c “CLOPPLOS PL Bee coe eee eee eee CF EL eco OTETISS'ZL eee eco OG eee dT JapA[~ANs~[Me1UOTA] 
ose eee eee |S PLI6S PLOT PT one Sen eee eee ove PEEL nate GO ZLbP ZL wale ooo aiere eee Seas eee boue1y 
aes eee oe 6S FLIPPFLIGT PTI AOS ase sae eee AGG ih eee Fo ST see GP ZLPES SL aN oc wae a S52 Ch Ws eee coe S2[S9NJ 
ee coe “" Te FL 98 FL Ilpll ° aie ose eee eee ZN s JOTET] oo TP 21/90 OL ZN Oe wee Ah eee 66 wee sonblig-ep-uog 
ale ‘eae __lsp'rt Of FI c ‘Pl CC'eT ae rate aes) au & oes see Orel AOS ce'Z1 0z'z1 STZ Bad Ar see Rape Hae Ps eusojnog 
“lo IGP PLicr PLILo Pie “POS ET} ~ UP ELOseliscet] “° |Z Et) ZECTULE CLOUT)“ ANSON hee 

| eee Abe OF FL IZ PL 9G ELIPF SL aoe eco 6T'ST S00 il oT coe 92°Z1 ILZLP ‘SL cae occ wala) $5 ese eee XNoIOUII A\ 
“[o |S Heptareriserge et 1 | # lever s+ lager} | | [teat “alles tt} ~~ ya ie or | oenepayqay 
Cael bea GOPLOLPISH ElOE ET) - 5 A Sf tall] OF eral] SS i GT SOLjO “OTOG TIT ~~ a eae ae see asmbseyA[-JUessI 
ee ee ZN eee 505 ole mee ee UN coe BG 31 EN eee eee coe see eee eee see eee eee con UN 66 gee eee ployysy 
tee eee 07 £1 eee eee eee eee eee OF ZI one wee c wat eee eee see eee O€ IT eee eee eee ace i) 4 see eee 0f 01 ‘dap eee eee seipuoy 


Gb | OS 


9 | 9P 


os 


LL 


€9 


LL | OZ 


SP 
0 


L 


eg 


‘panuyuoIj—SNIVUL dQ NOLLOAS HONYYT *L 


EL 


‘ON NIVEL 


250 


*Q-¢ “SON *“SUIIO}IEL J ueqingns 1331nO—"S"O0 ‘P-1 "SON *‘sULIO}Ie] J oury uley\|—"IN 


chine ne nnn eee ne ta 


so |}so|so|so| W |SO W |}so|so| W so $0 |SoO W |;SsO| W Wie oc) WaOsLVIg 
eee . . vee eee coe od, eee eee eee ° \* eee -) see . gap oe 3 
eee gC LT eee eee eee eee 16 L1 eee eee eee tee 8G°9T 67 91 eee i‘ 13 91 wee es uesiod quouinerod 
v “QTIZG LT eee ae eee vee seo eee ee coe ZG 9LIEP 91 aes eee 66 nee Aousa1j-Aquireyy) 
L1G LUG LI wae ase coe eee oe see at siete see cr 91 aes eee 360 SE. cie@ alse suuopnesl(] 
ZN SF LISELI eee see see see eee eee ZN aes tee 9¢°9T eee see eee 66:7 Nec eee Ausiane7) 
eN A “OT eee 83° LT eee tee soe eee eee eee A Rt eee eee 83 9L eee eee eee ee eee eee SOULI9} 
PS LT eee 08 LT Bas coe vee ooo k see see GOT eos eee 02°91 coe ose Be eee | Seis ste oe aie So[solg 
can eee eee OL LT ADO eee see eee UN eee aoe 0c°9T eee one OT OT see ee BN eee 660 ede urqueng)-3S-Ae J 
° eee . eos eee eee wee . ‘Aaa eee ° eee ese . Arie eee ° pee ‘da 
a ie ae A at nee |) soc NW eee || 86 5 ie ee ees Wot aot less ee Asal oce et an Ge aYPaIg~ANs-[INaTIUOA] 
OF ZT eee eee soe eee ooo | cee oee L791 eee tee ene see eee eee eee cee LIST aoe “6 eee eee [meqIg 
eee eee eee eee eee eee eee eee 8e°9T eee eee eee eee eee eee see eee sect eee “es eee eee astoje.y ey 
S05. ||e00. |/ass Af abo S| A ENG (SENS A se Vea sca || cao th enh Sco° |) cao. jl) aaa 4) 20c OE ST COR 03 "00c *--afOnq-ans-AT]IV 
eee eee eee eee vee eee eee eee aN €Z OL wale eee nod see eee eee eee see eZ cl soe a eee eee eee suleG 
coe eee eee eee eee } eee eee aetenl 7 “LUST OL eee eee eee eee ene eee eee eee St ct ) See . ap ae ee 
Sa ates Se A) Beales oe Pie eis, bok yee lnes 3 ST aA suauy 
esta litesede|eeses | ace vee [ove fone lap Ty Soo) || a8 Ao. i sell cock | aase'|| cage || Sean || cor tee PE OL $6 nee sss YNODeUBIA 
eee eae one Bo Ao eee eee Tr Lt wale. sale eee ASG eco eee aie AC eee eee 92 91 66 cee ooo peulog 
eee aoa Ih Ac oe oe soe | soe [TO JT aa8 eee see see see CI NOG gh i Gx | fae SI sel OTST Kt ses eee Jambty-3S 
veo eee eee eee eee eee eee ST LT AA alates eee ove eee eee eee eee eee eee ¢ ‘OL 66 eee eee eee Ada1Z 
see eee ose eee eee pa seg") LT eee aoe vavae eee aoe eee eee eee eee see xemey | “é eee eee saTnos1y 
ose eee eee eee ove 92° L110 */ TGC OL eee oes CZ OL eee eee see eee see ove tee Orsl 66 nee JIIJA[-ANs-]MeNUopAy 
ooo eee eee eee eee Wh “LUGE OTIPE OT de eee eee eee one PLOT eee eee see OP ST , see 6TST $6 nee eee eee S2[SON] 
me aes sive mae “+ 1G°9T TE 91/92 9T ZN OSG awe AG > 19 QT] °° see see eee N see ITST WS G00 sanbiig-ep-juog 
Calsenct “ legrgticz'gtloz'gtist on] “| ¢‘9t| “* |0 ‘91 “| ** \sestoest) «~ g's} | |"? ...  ..  gugomnog 
EP agel Na fae “logon 9tsrgtitton) | Zz ‘9t| “* |eg’stissst| “| “** [ze'stisz'st} * ost] | | 
oe eee eee eee eee PP OL eee SLYLIG “OL eee eee eee eee T¢ST eee eee 9S STI6LST eee bo FL | ee eee ene xno TOU \\ 
eee eee eee eee eee 6o°9T eee VA “OLI0 “OL eee eee eee eee OF ST eee eee ISSTET ST eee SPTL 6c eee eee asney[quy 
ae 5a ae eas ; + lSOOTIOT OTIO “QTIES'ST| °° ae iNG:GTh °c OF Sl eee *-* IGTGTIG “ST °° ie mal b Rea ot estnbieyA[-JULssI \\ 
Beem iicece lnses: | dots esas tha, eas all Soeneel he SAE If ace | hetiae = Retin See erence e Somh || cach || aco, ooo |p ccc see 66 aes oo proyysy 
woo |ovee | cee | oem lggrag] cee faces face [cee fost focee fore Sp REL oo woe | oe logepg] ooo [cee [ces | cet ce 10 BEL oo loe'ed ‘dap ah Solpuoy 


60 


eg | 19 


‘panuyuoI—GNIVUL dQ NOLLOAS HONAYA *L 


eb 


“ON NIVEL, 


257 


*8-G “SON ‘sULIO}e/g UeqIngns 193InNGQ—'$"O "P-L ‘sony ‘Suuojje/g our] ule|\j—"wW 


so|W $0 |sO|so/|W /SO so so |;so/; W W/}so|W/SO wep fees WEOTLV TS 


W 

0212/0 “Iz ‘* |0 “IZios'oz|seozloE'ozjoz'0z) “* jos’6t| “ |Sh'GT| “” |SeET\OzGTIST'6t] “| “ losstios’sticrstisy'st) “| | “7 SHR 
0 12 ** 16h 03\0€'0Z|ST 08 0°00) °° \O€6T} ~~ “ IGT6L0 “61 hl se 0€'81 beréjiedl | CS ae uesiaq-Juouneag 
8S'0Z eee 0F'02 13 OZIET 02 8G°6T eee 12 61 eee eee €T6L 8G°8T eee eee 13°81 eee eee eee "AAD 

2C'02 see ‘SO 1 03 ZG GT. Sas were < 99 vA "61IZG'ST see oes ee ee eee Son #6. ‘sisie Aousai.J-A[quiey) 
Ch'0Z eee 0 02 Cr é6L tee eee see 0 “BLIGH ST eee eee eee oes eee eve £6 see eee euuopnsl(y] 
9f°02 eee T'6T OF BI eee one eee TS'8TI9E 8ST coe eee eee ace eee eee Soces, see Austanes) 
82'02 oes eee 92°61 °° oo Aor CF 8183 ST ove see vee ray wee ene $6 ven see SOULFLY 
02°08 eee erate 02°61 eee eee eee nae 02°81 eee eee eee eee see ee (2 2:29) Lae soe So[Se1G 
9106 


SQ 
Mle 
. 


tee QR |... OL6I °° re | see IQTOT acc, || aoe oa bee | ea can 66 nee urquen?)-1G-Ae J 


PT6L eee eee eee eee eee eee eee 6L'8I PRIS ate i ‘SL eee : eee eee 9¢° ZT eee Se On eee S2]SPN] 
9 °6Ii °° ase eee on see eee eee ITsu oes gq°ZT| *° BN ee -s° IQR AT ot 66 eee sonbig-9p-quog 
0 “6T/0S'st| "| °~ TE ae TG CAST areal OS LT) Os ZT} * mame COVE eee id so8 euzojnog 
LS’SI cr st eee eee aoe ce’ st eee eee 0 “ST eee eee ZV LUGE LUGZ LI wee eee 02 LI “LI "AAD 

TS’ SIGE ST wiets. ag BaD AGT Seie) HG LT aieie ais. OF LT GT LI coe idie PL LI 66 ace ove xXNOIOUIL Ay 
97 SI €e°8t eee eee eee eee eee | SP LI ore see TE 21 ST ZI eee ee 6 PLL 6é eee eee esnoyo[quiyy 
OF SI GZ 81 eee eee eee eee eee OF ZT eee eee CS LT 9 ET als ote € Yl ‘ “ AAS asInbIejA]-JURSSI\\ 


L 03 eee V4 02 eee L 61 sine Z oye eee eee ih ‘SL aoe eee Z ‘ST ese eee eee ‘dap ae siemens 
eee eee 0 02 ose. ooo ose 0 “BLIGG' ST eee Agr eos eee eee 0 ‘ST aan ees eee re ay ot a I a} WN 
eee ase L761 are SA5 p05 L¥ 8107 ST wee eae ete nee Cs: LP LI mae eee ase 6 eee oe [Mepeig 
eee ee QF 6 ofie ote eee QE ST a onc: doo HOD eco Sin 8° LT eine eee tale S60 wee oor ostoye yt BT 
N50 500 2 0€' 6T ae eee oes 0&°8T see eee cae BoD Bee tare 0€° ZT See pete see 66 eee afOn]-INs-ATLV 
eoe eos ZN €3 6 Adc. sae aioe €3 ST wee eee AD ciaie eee aie ELI oec eee atale 6s eee eee eee sures 
oe Ip cozlereq| °- se |e lepgy] o- ed NS Bias dh tos ST LI pete eecte lhe eet a. aa suelwiy 
wee + lg coz] oc aes alate see ves ase OS'6I| °° oes ose eas eae oie oes eos |UD . 

Son s+ lurepay] ses | oe gay |) cod |! bce. | Sicxs BEBI | oo boo |) 60 oti 65 oll cooce |Wiesaee |) SC anc te YMODeUSIA 
Pe Scie Reece (eto Hine Real ee eciwcnecnltrene 9Z°6T| <=: | ee lene aa Behl mace. ht aay WP ad Ae see peul0og 
S60 ree JOBT| cee | cee See ia sce liteasehl pers OT6Il «| oo ote || ‘on oot ste. |) cdo, ||P Bac 66 see tee Jambry-1S 
oss owe eas ees sles. ate eee sec see © '6L ee esis ove eee OC Are eee oe ss ese eee soe AdaID 
art 6260 IEeac’ l-aderlllMoas Hee | ar ienbsate lh Bex eget | BED ee coe NA ae aed ee as see sonos1y 

Sele CT6L Sale aie S35 ees Ons occ Or 8ST eras eer CZ ST one Aue Ra 1G LT ABA 6 eee J9JAj~ANs-[IMs1}UOTA] 


Os 

Wil 
WY 
ZZ 


eee eee eee eee ace eee 


s+ lorgg| ee |e | fom lepanl em loren) = | locetl = | | leeotl  loretl << | locor mf oe fe eee seupuo7y 


G9 | OL | 69 | ty | Ig | 2¢ | 9 | 2] 6 | OF | 2 | § | S| 6s |ss| » | oz!| 8 | wl e9!| ¢ | 19 | 99) orl oC CON NIVEL 


‘Panuyuoo—SNIVUL dQ NOLLOGS HON °L 


258 


“Q-¢G *SON] ‘suIIO}}[ J ueqingqng J3INQ—"S"O TL "SON *SULIO JIE J oury urey\|—"A 


2 eo eat Be eee RTS CO I aa SR Sr OC Se eae eee ee eee Se 


W |so W|}Sso| W so ;}so;| W so |;so |W |SO so | W see cee WUORLV I 
aoe cez at eee eee cro ath 0s v4 eee eee eee taba Re eee eee eke eee eee prea eee tee re eee eee eee SIed 
eee ° ee eee . ee eee see . . coo Ware . VAN eee soe. Tene V4 eee =*o|@ap te . 
eee €S 1 eee eee €¢c'0 eee eee eee ee ES 8C°36' eee 03°33 9G 1d 1616 eee eee €T Ie + eee eee “LAD. ueslod quoumneed 
eee eee cee 12° G'S ove 2G 1S eee ct ih Sa eee aoe 66 eee Kousat f-Aqureys) 
aes ee eee 0 €ziGr 22 eee Cr IZ see soo} |p 12 ee see 66 nee ese auuopne!( 
ee see ose IT E2198 33 eee OF IZ eee eee Ts'0z eee eee 66 wee eee Austane7) 
eee eee oes ¢ "OZ 193' BG eos 93 13 soe see €F 0 oes eee 66 ane eee SOUP 
ose ase see GG'ZZI0S BS ee 02 12 st see coe eee eee ee 66 wee eee eee So]Sg 
eee eee Son TG ZZ\9T 22 eee OL 13 uN oes ove eee eee eee 66 eee uIJUON()-IG-AC FT 
eee eee see SP Coll, ‘BS eee jh oT S ‘IZ oe cee ose as eee *da Pp 
eee eee eee OP 33 eee eee eee 0 “13 eee eee eee 00 02 eee "AAD 
eee eee eee 13°33 eee eee eee 1703 one eee one 93°02 one 66 eee eee [MeqeIg 
QE'EZ eee see eee 8T 22 eee eee eee BE'0Z ase eee ese oes ee 66 aoe eee asioye y a 
| nN OT 2a eee eee see 0°02 cee ore aes eee eee 66 eee *+-9AON~INS-ATLVY 
eee see AAD €3 ES SN eee see see ¢ oGG see eee GR wee €3 03 ore eee eee 66 eee see eee SUIeG 
— Peedi | ties tel pp Te) oo Sete ss or'0z| * OP... ee 

eee 0¢'0 ase SI 0 *<- Ig “EZi\"°° ane zz) ++? one OP IZ) eee oes ose ees eee so lyn 
eee eee see Ke aise | aes see bE 2S eee 666 eee eee ee aoe see eee eee eee cee Co ooo eee Hnooeusi A 


: sYogig~sins~[IMoIqUOTA] 


sipoures y SIpeto1oul soy 
ud 
ime 
oO 


(4 
a) 
ioe) 
N 


. 
. 
. 
. 
° 


suaiwiy 


on} coe on) eee ove a 93 2Z ee ove eee on sine eee eee cee ak Mae Soe 66 aoe eee pyewod 
eco wale eee G'S aes soe dios 92S a6 eee ose LUTZ ‘ale eee ove aa awe eee eee 66 eee eee Jemnbry-IS 
oo eee Rie oc eee see ¢ 8G sine nee ose eee ae too cee ose eee oe ese CP RE Siete O08 A291) 
eae see €C'1Z eee eee eae eee eee oes eee Bia FRAG ace wate 6e ese eee soynos1y 
ose Siva * 19Reg see 07221 °° IOP TS - ees 02° 1Z/¢¢' 02 eee eee “lO OZ °° eee eee 66 nee JayA[~ANS-[Mo1UOTA] 
eee eee ae CF oes 6326 eee 0€ 12 cee eee 6 IZ Cr'0z eee oes eee HE 0Z ene eee eee 66 nee eee boueL.J 
seo eee Th ES eee eee ge 636 eee eee see eee 6G°03 aes eee eee one $06 eee ne eee oes “ eee nee eee S2]SON] 
ort oes 9¢°£Z kas coe AS Il22 see es sale occ TS'0Z ove dod ose eee 9T'02 Soe ZN eee wee 66 nee sonblig-ep-quog 
ae “* OF 2G “EZ * IGE zie de; IGE fz) | °° GP 020 02) -* pore [ees ON OG lie Os Oc asce na oes oe 
SZ “T * ILO EZIO “8S * JOT G2ie “2cisS zone) “| cP 0Z|SZ 02] °° * 1OVOZ|L OZ)“ |SS6T| *° |SP6T| “+? 
ee TS EZibS' 22 a ‘Bal9G 1% id Avs eee eee eee 6L'0Z ay aoe I 02 Spo 67'6T eee 66 nee ove XNOIOWIT \\ 
ec OL EZi8P 2s soe 90° TZ TG IZ 96°02 ar see ose €T0 see eee 9¢°6T eee oP 6 eee 66, wes ees asnaya]quiy 
+ IOFEgors | |“ lorTearT) | losog -- | | | focogs og ~~ “1 | loger| -- joer] ~~ “ss gembse]Aj-qUesst y, 


Sod eusojnog 


AS 
N gS N ZN 
oN GR EN uN uN 
a. Zs ar Ss 7S 
N nN NN 
AN eee eee eee aoe ooo eee ZN eee eee eee eee eee eee see gS 


eee eee eee eee 0¢'8T 66 noe oe ployysy 
0 ‘0 0S°&2 eee eee eee 0 ‘ZZ eee eee eee 0£'02 eee oon eee 0 02 eee eee eee cl 61 eee Crs eee eee eee eee ant Kalepay one eee Selpuo’} 


9: | pt | 29 | 69 | zp | ct | 99 | 9b | 89 | LE | 6b | GG | Ho | ZF | 69 | Sh | £9 | EE | PO | SE | OL | 29 | OF | 9G | Z| ott OND NEL 


259 


‘panu1juoI—SNIVUL dQ NOILOGS HONGYA *L 


nee eee 
aes see 
see eee 
eee see 
eee eee 
eee eee 
eee aoe 
eee eee 
eee eee 
eee eee 
eee eee 
eee eee 
eee eee 
eee eee 
eee see 
eee see 
eee eee 
eee eee 
eee aes 
eee see 
eee see 


(=) 
N 


TOI] [°Y—"W'Y 


Fa kor ee 
= 


BH SHID 
CO CO CO G2 OD 


SS 01 ode 


"Q—G ‘SON ‘sUIZO}Ie]g URGINGNG J93INO—"s'g 


— 
cr6 ae ro 


LE6 wee see 


T¢'6 aoe eee 
CZ'6 eee eee 
026 eee eee 


CO LO [vo Kox K—) 
BQ GIS OAS 
leoleakcoloekoriory--) 


| Motor from Ecouen, dép. 7.59 


—> 


GQ 

co co CO CO CO 
SK 
Willd 


BSS 
Mit 


SVL STL OTL 


eee crs eee 
| eee 228 eee 

 lgeg | 

: gg. | -- 
6T8 eee 
ClT8 eee 
ii ‘8 eee 
62 on 
0c’ 2, eee 
COL ee nse 


aoe 


0's 
6€'8 
92'8 
02°8 
sT8 
6 °8 
T ‘8 
TGL 
072 
LoL 
LTL 
vcL 
7a'9 


0S°8 \9r'9 
res loe'9 


0€'8 
668 
cT8 
Z£°8 
8G" 
cr 


0 °L 0€9 


eee 


eee 


‘P—L Son ‘su0fje] g aur] Ule|\j—" 


ov) ue 
Cra 
se 


SOQ > 
Me 


a) 


[-<) [op] 
S33'° 
© cocork 


S 
SE 
7) 


a. 
= 
= 

a 


Sr 
Mild 


AAD. 


ee 
ee 
“ce 
“ee 


“e 


oe 


Soupuoyy 
PrOHTSV 


esinbieyA[-JUesst aN 


eee 


“+ gsnayquiy 
os XN9IOUI 


eudojnog 
sonblig-ep-juog 
S2[SON] 
bouai J 
JayAj-ans-jMeaUopy 
soynosiyy 


eee 


eve eee = £99. 2) 
s+ JMBIY-IS 
one Yeul0g 
ee ynooeusi A 
onc sudiwy 


suIeg 
aAONJ-ANs-ATIV 
esroye A a | 


++ [IMazoIg 


tee 


\ syogig-ans-[Ine1yUosAy 


uluen()-3G-Ae AT 


eee s+ SOTSAIG 
tee SOUT] 
ore Ausiane) 


euuopnalq 
Aousoz y-Apquieyy 


uesio f-yuouNesg 


eee eon 


sled 


so |so/| W 
pS | 2G | &b 


so 
09 


LL 


Zt 


SNIVUL NMOC NOILOAS HONAYA °8 


Gh 


SO | W 
eg | vy | OL 


9} 


W |SoO 


LL 


£9 


67 


Gh 


LL 


WYOALV Ig 


‘ON NIVEL. 


260 


"9-¢ *SON] *“sunIO}IeI J ueqingng 191NQN—"$"O ‘P-L “SON *‘suLIO}IEL J our] ule]\|—"W 


tr en ee ee Si 


see cr rl eee STPI eee eee eee eee CZ SI eee ST SI eee ees eee 0S I eee eee eee eee eee 0 I eee eee eee wee se0 "LAD eee eee seapue’y 
vee eee eee eee ove eee eee eee CeZ1 eee eee eee eee eee tee ove eee eos eee aoe “WD eee proyysy 


4 
see CSET ooo nieie CTELloe cL eos CC TL eee OS TLcr LI Ad ae Anh B50 cee Of TIGL TGP OT “44D °° asinbieyA[-qUesst 
“| A (6reT Si  ameLlroou it he Le IOP UL aa : veo |e IDET] oe USOT “co cee | osneqerquiy 
S PTET Sheol ceil SG LOGE | AR PIL “+ | <* ETTT - ITEOT “ =: cs xneseuy 


“Ig “gy ~ |- lovato trlogor| ax} 
ove eee % “TLS OT €6 ces sonbiig-ap-juog 
"1901/97 OT te ae a be | 
eee eee eee eee 66 nee see boue1y 
cee eee woe cee Ch Asc JoyA[~ins-[Ine1qUOTAy 
eee eee 66 nee eee saynosiy 
L301 eee eee ee see tee eon eee 86 cee eee eee Le} i) 
PT OL eos eee eee eee ee civ eee Co Aad see Jambny-1S 
v ‘OL eee see wee see eee eee eee 6é see eee peulocd] 
tee eee ynoseusi A 


. 
. 
WY 


“ ) " 1SS CLer cr “JOS TTSE TOP IT)“ 
eee eee OS ZTIOL ZI eee eee ce It eee Ti) 


: eusojnog 
eee see 6S ZL 
eee eee IG’SL eee eee eee 9¢ TT eee eee IZ 11 eee eee 
see eee IV Zl wae eee CE SLOP LL eee see ITIL AB eee 


see eee OF ZI eee eee CS SL eee see see (0) ini es aoe 


one eee eee Pol eee eee 63 IL Ae eee 


see eee eee” eee see eee eee eee 


sisi], eee eee aoe eee eee tee eee 


eee eee 4% Val eee eee eee tee eee tee 


eee ase eee 


alg eee 


“* OS CT/9E TE) - 
wee G “OL eee cee eee ee eee 9.42) 
eee LG TT eee one eee ere eee eee 
eee SF IL eee eee eee eee eee siaia 
8S SLES IT 200 OST ce | oe fee foe Be eS orl < \aeor vs ogg | ee | eo a ayogig-ns-[inaiqUOy/y 
6IT'ZL eee 6T IL eee eee eee aoe eee eee 6TOT eee one eee 66 nae urqueng)-3G-Ae J 
GTZL ooo CT IL Grate’ ec Prey eee eee 43 eee CT OL wee eee eee 66 eee eee eee So[seig 
2 °BY eee LT ee cae ave wise =A 1p ‘OL wee aie vise Cer ee SOUISOT] 
69° IL 4 see 6S°0L ooo tee eee see aes see 6c'6 see eee eee 66 nee eee Austanesy 
0S°IL 1 ZN eee 0c OT eee eee eee eee coe BS eee 0S°6 ie nie aela sé ee SE auuopnsiq 
CP It uN ule] AOS €7 OL eit eos ise see wae ZN eee es 9 . EN oA ive 6c re Aousax,j-A]qurey) 
(cr 4 | CETTIG “TL8S'OTl - GEOT) | | ISB0L be 8 lo ‘otiecé icee | ~ | Igcel oe | oe | A yet uesIo qf-JUOUINeIG 
SPIT | °° (OS TLST ISP OTOP OT “* |OP OTST OT) -- | -* | - |g “OTIS OT) “ |0 ‘OL/Sh'G igE'6 IST6 \ST'6 |S “6 I6h'8 | «| -* [SRS | "dap = a3 “" SHUd 


oe suoluiy 


eee OL TL eee see see SLOT see eee “ce eee ee eee suteg 
aa G-Tth | oo la ggl ce | oe SU a's akony-ans-ATIVy | 
ere’ 19°01 eee eee one 19°6 eee eee 66 nee eee astoye y ey 


. 
. 
. 
. 


WM 
Mt 


WX. 


so w |so|so|so w |so so |W w |so|so|so|w |so|so Wolo oct WuOdLvIg 
¢/e9}2o!/6e]/1| 2i/es|2ioz| 6/19! + | ov | ge | 29 09 | Is vi | 19 | s9 | 69 | 89 | 9p | ON Nia, 


‘panuyuoI—SNIVAL NMOdG NOLLOAUS HON °8 


261 


I Fa sci aE A ED Tinie Liha tala Ea a ua 


| —| 

nee see eee eee OS LIST LI 

* OT LISS 91\26°9T 

| LUG OTIS 9T| | 

+ \QCOTIPP OTST OT} * 

“* 10S 9T/SE9T/OT 91S “ST 

“* IGP'OT/SE'STL OT) * 

eee eee 63 91IL “91 eee 

eee ace TZ 91leS' ST eee 

eee OF ST eee eee eee 

aoe 02 91 eee eee eee 

ase 1g°CT eee eee eee 
—_|se'st ace eee eee 
OZ OTITE’ST aoe eee eee 
SL OT[2207 eee eee ove 
GOL eee eee eee 
1¢°ST eee eee eee 
SPSL eee eee eee 
ce cl eee eee eee 
ee'cT eee eee eee 

GR uley/] eee eee eee | 
g°gTOC HT] | fo | 
G ‘GLIES PL eee eee eee 


SV PLSe oT 


Of FT 


*8-¢ *SON] ‘sULIO}IE] J ueqingng x3nO—"s"O 


$91 


eg st 
0s'ST 
UV ST 
9¢°ST 
93'ST 
GT ST 


8o°ST 
6TST 
GT ST 
Z°ST 
6S FT 
OS tT 
eV ol 
LEbL 
Ser1 
ST PT 


eee see 


OS STIGH STIGEST 
PP STILE ST\80 ST 
BE STILE STES ST 
Ze STIS2STiLT St 
O€ S107 STOT ST 


vo ST va 
9T ST G ‘cL 
9 CI eee 
GcPL AS 


ov tl 
oe VL ay 


6T PL sa 
cv st sk 


ROOF 
Md 


8 ‘tL 
G ‘tT 


cP e1sh eT 


WH 
Udd 


“pe | “SON ‘suUOpIe[ ONT] Ure |A—" 


Gest 


cot 

GV PL] as 
pwr * 
SS'plise PLP rT 


WH 
Milt 


coe GE'Fl eee 
eee 6271 eee 
eee IZF1 eee 
see ITP wee 
eee 0 ‘TIL ee 


SOX 
ZZ 


eee 


OZ HITE ET 


ol vl 
¢ ‘tL 
Lg°€T 
87 €T 
Geel 
cee 


SS 
ZZ 
COlee 


8 “€T 
G “éT 


G “E1|SPZT/Sh ZT 


ere | eee | 


GYPLST HLS “PL 
LE GL 6S'ET 
TEV PG'€1 
SZ PIE “PL8h El 
0210 “PIISh ET 
PG EL|6E ET 
OF ET|LE ET 
QE TTS ET 
Go ETiOLel 


eee 


aah less 
R 
U Ne ee 
Hee, |} 600 


86° €T 
6T EL 
GT EL 
LST 
6ST 
OS'S 
eV G1 
LECT 
GESL 


“44D °** 


Gr el *AAD wee 
(ipo) ile 
Te eT 
Gz'sI Te 
0z'et| “47 


66 


eee 
66 see 
ee eee 
6 see 
66 eee 
ac see 
“6 eee 
“6 eee 
“cc eee 


ene 
se eee 
sé eee 
“ec eee 


“dap | 
4svs 


“cs eee 
66 eee 
se eee 
és eee 
ee eee 
6s eee 


“AAD 


es 


ST2u[stztl0 “21| dp °° 


“Ll *** 


so1puoy 
PLOF4SV 


asinbieyA[-yuRssl 


+ asnazo[quiyy 
see xnoJaWll 


eusojnog 


sonbug-ep-qu0g 
s+ SOTSONT 

bouer J 
JoyA[-Ins-]MaIqUO]/] 


eee 


“se Sonos 
oes vee KO9I) 
“+ ganbry-aS 
mee peuog 
eee pnooeust A 
eee eee sudl uy 


suteg 
aon ]-ans-AT TV 

asioye.y eT 
pmeqeig 


ayogig-INs-[iMoIUo}Ay 


unuen() 4G-Aey 


coe so[selg 
see SOULIOL] 
SOO Ausiane) 


suuopne§l(] 
Aousol J ~Ayquiey) 


uesio q-yuoUNeog 


eee see 


slit 


so |so 


€9 | ty | 89 | HZ | Sb 


Nes eet ote ee ee ee 


IN 
OL 


so 


so | W 


69 | 29 | 6b | Ev | OL | ES 


9 


89 


so 
g9 


9} 


g 


WS 


WwW |so| W 


cp | OL | 69 


so| W | W 


og 


‘panuyuoI—SNIVUEL NMOG NOILOGS HONAYA °8 


b | Ww 


WuOsALVIg 
‘ON NIVaI, 


262 


'Q-¢ “SON ‘sUIJO}e]Y URqINgng J19INQ—"s"9 *p-| “SON ‘sUOP LY our urey—" 


ST 0z of Geo {cote TP cao: Th casi dl liads: all goot St aac a legen IPiGaa 0f 61 aq |) Gass || osc 02 6I secon pooeme | litstccin| anes cP si Se \IP oto: |] ode SZ 810 “81 “UD Ago solpuoy 


eee eee eee coe eee eco Cf ST eos eee eee eee coo “AAD *"* eee pLoyysy 


eee eee coe 6G'8T eee GeBLIES OL eee eee G6I aoe coe ee G81 oO LT aoe ooo eee CT LL “4Ao asmnbieyAy~JUesst \\ 
eee eee eee LV 81 eee LG 6YLT6L eee eee 6¢°8T eee eee eee 6o° 21 LU LT eee eee one eee ee 


BSNS 


ye R eee soe esnsoy[quy 
eee eee eee Tr esl eee TS 6IIZT6T eee eee #S' ST see eee eee EN #G LT N Trl ose eee see ale ZN 66 wee sce XNOIOUIL 
aoe eee ose see i] “6LI6S' ST eee eee 6E°8T see eee eee eee PE LT eee eee eee eee see cee 
eee eee wee eee 9C¢°8TIIS'8L eee see TE SL eee eee eee eee 93 LI eee eee eee eee eee eee 
eee eee eee eee OF SIT SI eee cee 1281 eee ose eee eee OT LT eee eee woe eee oF OT eee 
eee eee eee eee CE’ STIOE ST eee eee Orsi eee eee tee eee G Al eee ee eee eee Ce OL eee 


oo} seh aa eusojnog 


ceoerees sonbiig-ep-quog 
66 uae eee sa]so N 
66 eee eos bouo1 J 
“ses JOyAj-ANS-]IMaIUOPA] 


eee see eee aoe eee eee ose eee eee eee eee eee eee eee ee vee eee eee eee ooe 65 wee ese eee A021 
eee eee ene eee OL 8L eee eee eee eee eee eee eee eee eee eee eon eee eee eee eee 


66 Yens eee Jambnry-1S 


66 aoe oes HeUloc] 
66 ee eee pnooeusi/\ 


eee see eee eee eee eee 


eee cee eee A eee 


eee eee oe eee eee eee eee 


eee oon eee (09 LT eee aoe eee eee eee eee aoe eee eee eee eee iow aes eee ere eee 
wee eee eee Of’ STOP LT eee eee eee see eee eee eee eee eee eee ose 02 Li eee eee one 
eee eee eee TS 812007] eee eee eee eee eee eee eee eee eee wee woe OLZL eee eee eee 
eee eee eee PT 81 eee eee eee eee eee eee eee eee eee eee eee G WA eee eee eee 


HP... ese susiuy 


“AAD 
66 eee eee eee suIes 


Sree aAon-ins-AT[IVy 
tee eee eee 9 SL eee eee eee ene eee eee eee eee eee eae eee 19°91 eee eee eee 


| 

esa | eee see astoye y a 
eee eee eee VACA eee eee eee eee eee Go LI eee eee eee eee eee 87 9L eee tee eee S eee eee [Meqerg 
eee vee ese Gv L1 eee eee eee eee nue PAA eee eee eee eee soe GE9OTl eee eee . ap 2 2 

eee eee 0 SI Or LT eee eee eee eee OE LLOT ZT eee eee eee eee Ti FAM €F O1I93 OT eee see a} syogig ans [MerUOTA] 
cee eve 0¢°ZT a ooo NOt sie's) 08 LT oe ose ase An 2G 91 TOL sae cee “cc BAO urqueng)-1S~Ae J 
eee BA tee oee eee eee OL LT eee eee eee eee 8F 9O1 CT OL eee eee 66 nae eee So[Solq 
eee 0 “STISE' ZT eee aoe eee eee 8 HA eee wae eee one OF 9ST L “OL eee eee 66 eee eee » SOULIOLT 


eee ZG LT } eee see 2G LI eee aes cee eee eee Be OL 6¢°ST eee eee 66 ee ooo Austane) 
eee SF LT eee eee ST ZT eee eee aee eee one €3 OL 0c'ST eee eee “ 


eee 9¢° LT eee eee 9 Wn eee 1€ 91 eee see eee see BN eP Gl ace Gee 


NS SEe Sale p ds a eee Ree | eee eee a de an Te 91 eee eee eee eee a 8 “OTIZEST eee aoe a ‘dap ty ¥ 
ZN OrZtl ° Z AR) B® | ee JOEZT oe | oe | A | Aloe gt| ve | oe fee »» | ® lg -gqieeaq| «| N \ URE UO S| 


Og ztloz ztistztlorZtlOVzts ‘21! o'zt| *° losgtisp’ot| -- \spotlop tise’ otiorot| ° oe ‘- lorotio ‘otlo ‘otisr’stist'st| - “+ Iepeq\ de ANS eis nar 


eee eee euuopnsiqy 
SS as Aouso1 -Ajqureqy 


SS 

WK 
Mt 
Mt 


E sled 


W ,so0|;so/;so| W /}SO; W $0 /|}so W |}$O0|;so;so W/SsO!|W /SO/|Sso 
vl | 09 | 6S | SS | OF | IS | OF | OL | 19 | 8S | 89 | EL | G9 | ZG | 09 | 9F | 69 | Z | Sb | H9 | ZE| OS | ZG | OL | LL 


I soe eee “WYOSLV TG 
LL eee eee ‘ON NIVay, 


“PanuHuoI—-SNIVUL NMOCG NOILOUS HONAYA °8 


263 


*Q-G “SON] ‘sULIO}IeT J URGINGNS 1oINQ—"S"O 


|" OF T3808 Te0t 06 
“" |" Je TOPT Tape 06 
“1 *"* 193 T3i6 “Le6o'06 
“| OS TSE “EZ|8z 02 
“ 1" IST IZi0 “TZ0z 02 
eee oe 6 *TZIPS' 02 eoe 
eee eee 1 *TZ\9P 02 eee 
eee see TG 0Z/9E° 02 eee 
“| *"* 107'08/2'0d)0 “02 
oo tee eee se EBT 
eee see LT.03 eee 72 61 
eee eee eee eee 9°61 
L °03/9S°61 ape 
69°67 61 ser oh as 
096 1/8e 6 eae 
ev 6T{Ie6T ed 
J JECT mk tee tee 
Sp6I|ST6TOVGT|s 61] “| -~ 


eee eee OF'IZ eee eee eee eee ZT aoe eee see 0 ‘tz eee 
eee eee wee eee 0€'0Z/0G 02) wee eee eee eee 
eee eee eee eee 66 OGIPL 06 uN eee wee eee eee 
wee woe eee see 9L 02/6 03 fads eee wee see - 
eee see eee ove Ooze 0z/0 02 eee ee see eee 
eee eee aoe eee S ‘0zl0 02 eee eee eee ase ace 
eee eee eee eee 6S 6L eae eee eee eee wee 
eee eee wee eee OF 6T eee eee eee eee | eee 
eee eee eee 01'0z see eee aoe eee OF 61 eee 
eee eee eee if 02 eee see eee eee eee aee 
eee eee eee SGI eee eee eee eee eee eee 
ee see | eee OF 6I eee see eee see eee ee. 
eee eee eee 1°61 eee eee eee eee Go 6L 0 ‘61 
Rg Ue | _ Be6r vee | oe | see! | aoe [PBT 1F81 
eee eee OF 610 6T eee eee eee eee G ‘6L GP sl 
ee eee 0’ 6L ee eee eee wee CG ST 
eee het 93 6L eee eee wee —__ G81 4 
eee OF GI SI'6L eee sie ee Cc “6LIEP 81 
eee of 6L eae wee eee 6G 8L 
* (OT 6T | “yo 16g STiTy 8ST 
wages eee Bt it A, sh eee ae OP 8T eee ae Be A 
02°61 eee ZN ZN ZN BN eee eee CP 81 eee EN BN ZN 
0 “GISS' SESS STOS SIjSPSiicy st) “° | ~° |S@ Stic StiStStist SLior st 


W /}S0|SO/| W 
€ | €9 | 24g | Ib 


6P 


so ;so;}W/so;SO/; W 
19 | 89 | @ | G9 | 9 | GE 


69 


Gc'6T|S *0Z 
LV 6T\ZS'6T 
Ty 6T1S°6T 
SE 6T\Sh 61 
08 6T\0r 6T 
ve 6T 
92°61 
ST6L 
G ‘6T 
69°81 
ov 81 
60°81 
6T8T 
IT81 
“SIGS LT 


S$ 


‘p-| “SON] ‘SULIO}IE] J ouly uley\|—"W 


$ospuoy 
P2OFRY 


asmnbieyA[-juesst A 


ene 


“+ gsnoya[quiyy 
oo XNOIOUIL A 


eusojnog 
sonbiig-ep-Ju0g 


+++ SaqSON] 
bouo1 J 


JofA[~Ms-[MeIUOTAy 


eee 


eee soynosiy 
eee eee Ade. @) 
* Jembny-ag 
eee peulog 
ote ynooeusi A 
eee eee sudl uy 


eoe 


sureg 


eAONI-Ans-ATTIVy 


asio[e yf ey 


jmeig 


\ aysgig-Ins-[InejqUOTA] 
urjuen()-3G-Ae 7 


see wee see “th °° 
tee see tee “44D *"* 
see eee eee "4d °° 
eee see wee ‘dap AM 
eee tee see yy 

ene eee see ae 
ace 2761 eee “44D 

eee PL 6L eee - wee 
eee L ‘61 see eee 
eee 6S°8T eee “ec eee 
* (OG'STIOE'ST] “ 
LE SULsl| "YP 

IGE Srcrel| 

eee CZ 8I ; ere 
eee IZ 81 As aes 
eee ETSI é see 
1G 8T 6é eee 
utat i 


IT8L 


ais ais 
ZiS Zis 
dna BN BN 

ZN aS 


OS LESH LOPLI © 


L | 09 | 49 | 99; b | €g 


Li 


so |}so/|}so 
of | 99 | 39 


‘panuyuoI—SNIVUL NMOG NOLLOUS HONAYA °8 


eee eee S9]Se1q 
tee SOUL} ] 
eve Ausianes) 


Ssuuopnel( 


Aousal q-Apquieys 


uesioqf-yUOUINe3sg 


eee 


sued 


WuOsLV Ig 


‘ON NIVEL, 


264 


"8-G ‘SON ‘suIOHeLY WeGINgng s21N|—"g'9 b-] “SON ‘suopeyy oury ure —"w 


op) os Sere a oe a 

= a Bl ier] po fo po fe foe fee fe op dpo] fe fe fe fe | dere) = | lepee Pp seupu0 
: g g ons Ae cae wee see coe see eee one erate Aae eee eee see see ees 4AD** ooo proyysy 
5 & s aL Peace: All caeell|l! Bee OF 0 | ae 0-0 Spi | encour (eos 0G82 OPC rade sca! ose "AAD *** asinbieyA-Juesst 
B g g wt see eae eee eee 3¢'0 see $9°&Z MM see see see VAT AVASH AG 61°33 eee eee 1 . eee eee esnoyo[quiy 
—e g g 9E'T bn oe see see ooo 93'0 see 6h Es BN soe see eee OF EZITE SZIPL SS eco eee BN sé eee eee xNOIOUII A\ 
or er 0 T ZN soe tee eee see 020 tee €V'£Z OFZ eee see see 0€'€z/Sz'2Z/8 ie eee eee 0212 #P.. ., eutanien 

spz lorz |“ \set} ° | | irO Isto |“ lord) | | lezezlozzzlg “zz wee [ove [ote fea 
6E'S see eee dijs wee tee see 8e'0 eee DEES eee tee eee eee 6LT ES 69°12 ote ele exe sé ave senbiig-ap-3u0g 


If°3S eee oe eee toe eee 0e'0 see 96 £3 eee woe eee see ITE TG’ 1% eee eee eee 66 eee eee SO[SONJ 
iad GG see | see eee eee eee eee OL EZ ars eee wae eae: it Fave TP 12 eee eee ooo ee eee eee boueLj 


see see see eee tee (0) 4 eee see eee see 0S°22 0€ 12 ee tee eee 66 ane Ja]A[-INs-IMazqUOTA] 
wes ee B80 wee ane wae Dae ae tes s+ [70-97 hee Sas ae aD Clie NSS sae sopnosiy 


eee eee eee seo eee eee eee tee aoe see 1036 eee aoe eee eee “ss see eee eee A221 
see eee eee eee eee tee eee see eee tee PL 3S see tee eee eee 6s eee eee Jembry-3S 
eee eee eee eee a see see cee jase eee eee bd BS cee eee eee see 66 cee eee yewog 
aS eee eee see TG:ES eee see 9¢°1Z 

eee 0f'£Z eee eee eee Se e2|__|__ lor 1zis 
s+ lozez) cor foc fone oz'ezisszzi0ezzl "IT suelwiy 
eee eee eee eee SLES GL GG eee see eee OL IS eee sé eee eee eee suIeg 
+ eee eee eee te) oS G BOG see eee see G “1G eee se eee afon]-ans-ATIV7 

see | ees eee eee 1°33 1G°T2 vee eee eee 15°02 eee Crs eee astoye] By 
eee oP &S eee one OP 2S SF 1Z oes see see 8708 eee és eee eee [meqeig 
OF £3 eee eee GCE SSIOE' SSISE 1S aoe wee __|SE°0Z eee 
ve BG EG "| CE SSBF SSIEE TS * tg 86 TS|EE"03| °° 
eee 6L&3S see eee 6123 eee eee 6T 12 see “ec eee urquan()~3G-Ae.,7 
aoe CLES eee eee CT 22 eee eee CL IZ see he sic eee So[Solg 
see 1 CS tee eee LZ He cee see L ee tee 6 eee eee SOULIOP] 
eee 69°23 eee one 69°13 eee eee 65°02 eee eee eee Ausianes) 
02'°0 0g’ 6G eee eee og 13 see eee 0c 02 fF eee tee suuopneiq 
€L0 lersz gtd ae a eVTS e703) A | | c Kousoxz-Ayqurey5 
be Dee Oh et NL eS ds L ‘0 \LEEC8 “€3} | A LEB | | A IB *ZLETSS “13 oe LE08|8 *02| °° HP)... 

: et OGRA. Cala ts 1) esa. 8 \). ce G “Od\GE TSS “To -* ye GE'OZS “03) -* | “47 
Cy at) 4 al) see ove sae 0 0 GP EZIST EziSh' Zz ee OF ZZIST'Zz eee see 0 2Z/SF IZST 1zZSh'0z cee Sh'0Z see 0€ OZIST OZISP'6I eee ‘dap eee eee eee Slitd 


so /so w /}so|so|so w |so w /so|so|so W w |so|so mess WaogLvig 
g¢ | oo | 2p | Lb | 69 | 9 | oS | 99 | 29 | 69 | Ov | 6s | 89 | 6 | GS | Is | ze | os | gy | | 69| » | to | eg | glo cv CON NIVay 


pI 
“‘Panuyzuoo—SNIVAL NMOd NOLLOAS HONAY '8 


quoulajnes ‘sIpoures ‘sipno 


see eee see eee eee eee ynoseusi, 


qUsWa;Nas ‘sIpeIpusA ‘sIpoJOJ9U ‘sipun] so] 


oS 
Er} 


MNAMMSOSCSO 
aagag 


as 


SiO AS 


PSNNG 
Wir 


f 


ei 
SCOOCOntnA AAAs 


. 


aq 
asso” 


9 69 


a ayogig-ins-jmax UOJ] 


AQe 


° 


aan 


o> 

x 

ro) 
SNAOS 


qusUETNas stpoures so] 
cee 

8 BCA] : 

Oo orr]: 
BS hE 
BR_rscssse t 

oD iD 


WY 
Mllt 
. 


WW 
Mit 

. 

. 
SW 
Milt 
SM 
Wilt 

. 

DX 


SM, 
Wit 


SSS 
Milt 


uesioj-juouNneag 


205 


ve | see | sts loger|_--_jogzt| -* loser 

set Ieeztl = lor2t] 4. |lor it 

| pst] ie cet] TP (ee Tes Tr 

“| EBT + BS TT 2 |6s TIGL TIPE OL 

71 Ween == |e tt) ™ |e tries ot 
Gear] “| 7° Ozzt|stztlsh t1loe 11st 11s “t1l0z' or 

ae eere cc lge' 1] SEEN TOUT 

eee eee eee eee eee eee G ‘OL eee 

eee eee eee 0 01 eee eee eee S26 

PUM iees lever) ses] oats 

eee eee eee eee eee ecard eee eee 
Be See Oe Torn] | 
zeal} | AT ztoreller tise Ueno “ItLror 
9SBI| “| |ILZLP SUSE TIETILG “TLS OLTL OT 
SSI] | -* 9 BIGGITTE TET TIT “Its 01/9 “OT 
sU'2q| “* | -* jo ‘Zzlos tree trls “1t\ss'orlor erlo ‘or 
OL 69 | sv | 99 | bb | tz | 6p 


69 


“| |0 “22/05 OF 
* 108 OL/ST OT 

“* 16TOLS “OT 

eee 6 ‘OL eee ZN 


ve | oe log 
ve |e lang 
VES | “° ES 


926 | *" |T&8 
026 | “"" |S2'8 
SSO} ‘ (0 “OT 


076 
0&6 |SP'8 \SE'8 


““" 19S°6 |0S°6 |0€'6 
= | |geg | 
ve foo log | or 
* 1@G'6 |Sh'6 |S7'6 
* 190'°6 |6&°6 |6T6 
“* |TP'6 |€&6 [ETE 
* 1G8'6 |SZ6 |S “6 


LV6 | °° (078 
IT6 
9°6 
0 6 


OL | &h | oF 


89) 2 | WL 


ors 0E'8 see eee eee sued 
GEL i6‘21¢°9| “ °* J®iM-ans-jInajUC 
3 2 169°9 \pa'g 66 + see sae bouety 
AeA I OF WigiRey ih 280 oo S2]SON] 
Qs Jia| stn |QE'G™) “hep: <2 sonbug-ap-3u0g 
0 ‘2 |sh'9 log’s | ‘4p - aie ausojnog 
7 1 ee hd ee “+  gudojnog 
eee dis eee ‘dap eee eee projysy 
eee SS aoe ‘dap eee eee soipuoy 
ni et heen Io aigeeaeah ree saupuo7y 
eps taNae  I ec centres “+ puoyysy 
see eee eee ‘dap ae as auzojnog 
GG’9 |0P'9 |SZ'¢ | “40° sa ousojnog 
679 \PE9 IETS} “ - ote xNaJOUI 
€V9 |8o9 IETS | “ cs oc asnayyquiy 
sé9 029 IS ‘¢ |"%p- — esinbaey-}uLss! AA 


OL | OV | 89 | Lh | 6E 


8e 


YAW-UNAS-TINALLNOW La “ANDOTNOG “ASINOUVIN-LNVSSIM ‘OT 


“ON NIVEL, 


CSI 0S IL SP Il Of IL oe SIL Cr Ol OT OT eee eee Ch'6 Ce'6 02'6 eee eee 0s'8 07's GEL eee S L eee ove see ane oes se eee aSINbavjAl-}ULSSIAA 
67 LLSP LLULE LPs IL eee eee LE OLP OL eee eee LEB 1Z6 PIG eee ace ts Ze"8 63 L eee 6:9 eee eee eee eae eee 77 eee eee esnoyo[quiyy 
PP LL9E LLLE LL6T IL eee eee TE O1I6S'G eee see Te’ 126 6 6 eee eee 6E°8 92'8 5S 1 eee bS°9 eee eee eee eee eeu “MAD *** one XNOIOUIT A 
Se TTOS IIse ter tt| “|e ‘tszorese | |“ [sve lets fe 6 | ~~ | lees ove ere | evo | | || | [ee ouomog 
eee eee hee 0 Il eee 05°01 eee ce'6 mate eee ece iets eee ° an ooe 0 3 Coc eee 079 see eee eee oe os “AAD °** eee ausojnog 
eee eee eee G ‘OL eee see eee eee eee one eee eee eee see eos cee ose one eee dis see tee eee eee oon ‘dap eee eee ployysy 
eee eee aoe eee eee 626 eee 018 eee eee eee see eee aoe see eee ce'9 eee eee SI'S eee eee aes wee eee ‘dap eee eee soupuoy 
STI eee eee eee see eee eee eee eee eee eee GS OT eee tee eee eee 0 “OL/SS'8 - cee eee tee eee eae oes “AAD °° eee solpuoy 
eee CE SL eee eee wee eee eee tee tee eee wee eee eee eee eee 076 eee eee eee eee eee eee wee wee eee "AAD eee eee ployysy 
OS TT\OP TT bes: een ae ES we base oy, bee eae 0¢°6 eee ree eee CP's ces Cf'L eee tee eee Ree eee eee eee ‘dap eee eee ausojnog 
Cf II SZ IL OZ II OIL eee 0 IL 0Z'01 096 eee see 02'6 ya 0 6 eee eee 0f'8 SI'8 SUL eee cr9 0r'9 eee aoe aoe eee “AAD *** eee ausojnog 
63 LLG IL P Tih eee bS0L see tr6 eee eee eee baeme) eee see $28 6 fe) 6 ‘L eee 6E'9 drys eee eee eee eee 6“ eee sonblig-ep-uog 
TS TIL IL 99°01 eee oF OL eee 9¢°6 eee ane eee ors eee eee 98 ii “i I 2h eee Te'9 eee see aoe eee cee 6c eee eee S2]SON 
ITIL STi ds eee tee eee eee 92'°6 eee eee a qq'g eee on eee 9 fe) jen TS°9 eee 139 eee eee eee eee eee “ec ese eee bouel.y 
0 ‘IT0S OL aS wee vee eee -** let'g | °° tee A |opg | °° tee * Ioqe lopez loro | - lorg | tee see cee eee 665 Essie A9[Al-ANS=11NdJ}, UIA] 
eee crs 0 Ol ose see eee GP's eee eee eee 0 3 OVL aoe tee eee eee GI's eee eee eee STs on see eee eee ‘dap eee eee ose Sued 
OL | Lb | 8€ | 69 89 | OF | IZ Sb | tr | OL 89 | 67 | HZ OL | OL eminem V U7? 
| 


ASINOUVN-LNVSSIM LA “ANDOTNOG “UdIN-UNS-TINAULNOW °6 


266 


eee 0 “IZ eee eee 0S'81 tee eee eee 0S'61 OSLI eee coe eee eee 0 "OT eee OSL eee eee wee eee sc “OI eee 0s" I vee sé eee eee eee $livd 


* 1OP'STISZ°8T| °° LS'LYS82 LTO “LTSS9t) ** | *° \szgr) |“ “" 10P'ST) “° |G ST) °° OP PTOC HT) ~~ Spel] “ -**  d48IAl-ans-jInez}uOW 


* 16S8T/PTS8T| ** OV CUAL CLCVOLPP OL ° |S | et [pe 166 GT) PG bl] - |6CPTOLPT) *~ POG Inn ane es Ome aL 
eee 6T SLIP OT eee ak 9e° LT, “LOGE ILPES OT coe eee eee VL OLSP ST eee 6LSI6S' PLP FL eee 6L VL eee eee 7S SL 6é eee eco eee S2TSONT 
(TEST ee at] | * [esatiecgrtestgzat| | | [9 -9t] - “ HEEGTISpT9e pT <- [IPT | | * joret| 4m — sonbug-ep-uog 
|S “BTOS LT) “" OF LTZe LT es 9T\sz 9TOz gT\sT9T) “|S “9T\O “9TIse'stlog’st| “°° |g “StishPTlos rt) “° |S ‘HIiss'st| “jog stior'st ‘Gp eudojnog 
see eee GE LI eee eee 0 “LI eee eee eee tee see SSSI oes eee ove see CP rl eee eee eee see LV El Of’ EI eee eee "MAD **° eee ausojnog 
see see eee ese eee CG ‘OL eee eee eee eee see eee cee eee eee eee eee eee eee see eee BGS eee eee ase ‘dap see ose plojusy 


Ls OP OT] cre focte poste Poses Posse focee [see Poste lggeppl cee cee [cee does loge] ce [ceed cee Povee Pte dg cag} ove | ce fap ae S$ospuoy 
eee ene 02 61 eee eee eee GZ 81 eee eee eee eee eee OF LI eee eee eee eee 02 91 eee eee eee eee eee eee cr7rl "AAD eee eee saipuoy 


eee eee woe eee CesT eee ove eee eee eee eee eee eee eee eee eee eee oe’ cL eee eee eee see eee eee "LAD eee eee plojysy 
: eee eee GS LT eee OF LI wee 0 oat eee eee see eee eee G a) § eee eee see ooo CoP (aa s eee eee eee eee see 02 &1 ‘dap eee eee ausojnog 
(0 (SUP LT) “° S@LTOe LOS 9122 OTST OTIT9T| “* \2 “9TLSST\Zestisest| - |0 Stich erie Ht * |Z “PIoser| “ \szetie ‘et| 47 -~ sae eusojnog 
PS LTVE LT (ETAT PL LTP OT] ** [SLOTS “9T] “| -* |TSST/9SSTTST| -- |PSPISEFIISHT - I9CETPPET| -- |ETETIT ET] “ + | xnesouny 
(OP ZUTELT ** JETZT 6 “LT6E9T] -* |4 91/0 OT] | - |SPST/ISSTIeLST] -- SPPITEPIOTHT -- [TseTiseet| -- leTETieest] “ -- 9 + — asnezejquiy 
* JOVLESCLT) *** (9 “LEE “LTeE OTOT9TO “9Tles'st] “* [OSSTOPSTISTSTis “St| -* OP PI\scHLONPE| -° \spetiog'st| “ \¢ “etlog'zt|p -- — esinbaeyy-yuessi 


8p | OL ob | 89 | IZ | 69 | Gh | LP OL | 89 | HZ | 6€ Li | OL | 69 89 | 8€ | OF | 9B | HE | OCON Nivay 


(Panugquoo— FAN AOS-"TINGULNOW La “ANDOTNOG ‘ASINOUVIN-LNVSSIM ‘OT 


SSLT) “" SE LTOTLT “ [Sc'OTzz Orig “9TOs'ST| °° [spstise’sticzstisc'pt| “ \SP HT] “ \ST PTS ‘plispetiszet| “° \sret| “° log'zt] “ -° — esinbaew-puessiaq 
AvL1 | °° (6 °LT| ** |GVOTIISOT] * |PYST) - [LESTIBSSTIGTST6PhT| -° ZEbT] | -- |OGETIZESTITET] -- |Z °€T] fees] “ sehr [Gary 
Twat} | -* G91)“ \PROTOTOT] - |B] -- [TESTIESSTPTST PP HT] -° |TEbT] «| -- |POETITESTPTET| -° |\L-et| -- leet) - ES EIRENE 
SELT “"" |€ “LEOS'9T) “" SE OTOL OTe stize'st| - \szStiztstig “Stise'bI| “ [Set] “le ‘prigretiszetis et) \s¢zt| “letzte ae eusojnog 
eee eee eee eee GS'SI eee eee eee eee eee GP Pl eae eee eee eee LY ELOE SI 3 eee eee SS II “AAD *** ase ausojnog 
Cc ‘OL eee see aiole eee eee eee een eee eee eee eee eee eee eee eee ry ose eee ose eee ori see eee ‘dap eee eee projysy 


ooo eee tee aoe eee eee Of FI eee eee wee soe eee 027'SI eee eee eee aoe eee S ‘Tl tee one ose see oes 0801 ‘dap eee eee Sapuoy 
a tee tee GZ‘ 8I tee tee eee Of LI eee eee vee eee oee 07°91 tee eee eee eee eee eee Cr Pl eee ose eee eee "AAD °° eee soupuoy 


Ge ST eee see eee eee eee eee see eee see eee eee see eee eee GEC cee eee eee eee eee tee eee eee eee "MAD = eee ployysy 
OV LT ene eee 0 ‘LI one eee soe S ‘OL eee ee: see eee eee CSPI eee Or PT eee eee one tee 02'S1 eee eee eee one ‘dap eee tee eusojnog 


oe eee eee 


OF LT)“ |E LESH OE “* [SE9T\L “9TOS'STOE'ST] “* [Oz ST9T Stic “Stise'rt| “ loz bt] “ \o “PrSrEtioz Eris ‘et] “° lost] “ loner) “~~ as eusojnog 


oes eee eee eee 63 SLIT “OLIPP SLIPS ST eee eee eee 6271 aoe eee eee bGSLIGE’ ST 69°31 eee eee eee bn rAd 66 nee sonbig-ep-juog 
see eee eee eee IS SLES SLO STIOT ST eee G ‘GI eee I’PL eee eee see OF STILE ET IG'SL eee eee toe 9¢' IL sé eee eee eee S2[SONJ 


BS eee OF OLIOE OT eee eee eee 9S'STI9 ‘CL eee eee ace IL PI eee eee eee OF SLITS ET TPZL aoe Cf'ZI1 see OF IL CORE InT eee oe boueLy 


eee crvlio "PI eee eee tee GZS Orel 0f°ZI eee C7 ZI eee eee 66 eee J9IAl-ANS-]INIIPUOIAl 
Ol 91 eee eee GE FL eee eee eee toe CrZI eee 0 PI eee eee one eee CyZ1 eee eee eee 0 wal eee eee Or 01 eee eee ‘dap eee eee eee Sled 


St OL | bb 89 | IZ | 69 | GP ey | OL | 89 | BZ op OL | 69 | Ih | 89 6E RE CON Nay 


“panuyuori—ASTOOUVN-LNVSSIM La “ANDOTNOG ‘UAW-YNS-TINAULNOW ‘6 


267 


eee erry eo eee eee eee soe eee eee erry SPT. 05'&2 Zins 0S'€z €Z eee __|0r'2z eee eee see 0 "IZ 7 eee eve 0 IZ ‘ eee eee eee Std 
eee eee eee eee eee see eee eee oes log" ez) °° Or" Zz|0r° Tze 02 1ZI$s'0z aia ove Ch'0Z 02'0Z see .° ST'6I y eee J9IA[-4NS-]INIUOWW 
eee eos aoe vee see eee eee eee eee _._108'€2 eee 6S ZZ\0E TZ see 6 “TZIGH 02 ose eee PE'0Z 6 02 ose G “GT eee eee eee boueLy 
eee ooo eee oes eee eee eee soe ooo PRES ose eee 6T' 22 ace eee 6°02 eee eee eee LALWYA Bs 6G'6T eee PLEL eee CG sas eee eee SEIN 
eee woo vee see eee see eee eee eee 9E°€Z eee eee IT 33 ees eee Tc’ 02 eee tee soe 9T' 06 AS To 61 see 8) ‘61 eee "MAD °° sonbigq~ap-Juog 
Sf fo fs | yo | | | logregis “ezisr-zzis “zzisrtz|_-~- |spozioe'oz] “| ° lor‘ozio ‘ozisr'et) - |o “etlos'st| "427 "= eudoinog 
eee eee oe eee cee aoe eee eee GZ eee 5 eee SS'IZ eee eee eee oroz eee ore oe (a "61 owe + oe SE'SI “AAD *** cee ausojnog 
eee eee see see eee eee tee eee eee eee g @ eee eee eee eee eee eee eee eee see 0G°8T eee see oes eee ‘dap eee eee proyysy 
eee eee see eee eee eee eee eee 0 0 eee =| g eee 0°02 eee eee eee GP'sI eee eee tee eee wee eee wee OVLI ‘dap vee eee Soipuoy 
eee see eee eee eee eee eee eee eee S mf Bo see eee Gh ZZ eee eee eee eee toe see ose GZ IZ on eee eee "MAD *°° see seupuoy 
ace atic S58 one AgG esi Ant nee rele 6o0 |i) a S06 eee AGG eee Soe eave Ban aay eee Bid ARG Aap Has wae “AD aie ployysy 
feicat Boots ee eS pee ice ae Ei iess eee OF'€2 €Z P| see ae 02'1z eee eee eee pack eee see see 0 ‘0Z eee eee eee ‘dap eee eee eusojnog 
sip pos foe po po pst | ged “ezorege “eerie * leroziszoz| ~~ | \2 ‘ozisserierer| ~~ [us erisyst| “7 =~ eudojnog 
eee eee eee eee cad see eee oo eee IZ €zlPG" wali ‘ZZ19G LIP “TZ eee eee 602 coe cee T ‘OZIGF BLI9E GT ae TG 81I6E ST 66 eee eee XNOIOUI A 
eee eee eee eee eee eee see eee eee OL EZI8F ZS'8S LSI LS 12/8 0Z eee eee €T0Z eee wee 9G 6 LIEF 6TITE 6T eee OF SLIEE' ST oe eee wee esney[quy 
wep see poses posse posse poses poses tosses 1" OP EZi0r 2Z(0S 1Z/Sh 1Z0S'0z| “* jos Oz/S “Oz; “| “* lOS'6Tise’6tiSz.6I| “lop stisz st] “4p osInbae[A-}USSIM 
91 | 69 | Lb | 9b | 89 | 6 69 | SP OL | OF | 89 GOP Pe oo ON NEL 
panuyUuoo—YAIN-AOS-TOAUGLNOW La “ANDOTNOG ‘ASINOUVIN-LNVSSIM ‘OT 
cst | °° | “* j0F'0 (0 0 OS'ez/sP'Zzisz'zz| ~ [Ob 1Z/07 Izv OZiog'oz\0z OzIS “OZISS'6T/SEGT\ez GI] “* |S “6TISs’STi¢ ‘st| °° | “ ~*  esinbse-puessi A, 
St ll cy REATE I * J6E°O |PSESSH EBLE SET 22} «°° \CE IST TZiPE-Osizz OsIPT OZIZG'6T|ZP'6TIZS ETL 6T| *° |G ST\ZPSTIEGLT| “| “ot eo aeTty’ 
R | 8 |W] | 980 |6resoe ez le szjpT 33] -- 9s TZl6 “Tees OzigT-ozi6 “OZ|TS'6TITP TITS 6IICT 61) «IPS SLIPSTIPe ZT | 4 cay sneer 
s | 8 set |“ |“ loco ler'ezioe'eziszzzis ‘zz|_ loz izle ‘tzlez ozlor-oze “Ozish'61/S€ 61 /ST 61/9 ‘eI ferstise'stieyzt| ~ |"dap -_—_—euonog 
me _ eee SZ eee eee eee aes GG Iz eee eee eee 0102 Ras cr 61 eee eee eee . eee GEST eee CELI eee “LAD *** eee ousojnog 
& eo vee eee eee see see see cee eee oe eee tee eee Oeo 0c SI eee tee vee eee aoe aoe tee see ee ‘dap eee eee ployysy 
. s a es oe Cy A sor | see lepegy] ..- Beal Mac soe [ese 7 oes | ee lagegg] o> long] + “dap ere Ane saupuoy 
3 S Aer wae da iste vie Tree ose 500 + lopez] oie "+ lez'tz) o- S00 stele Oot: ee “-- loz'6I|. °° | 440 «°° Bile soipuo7 
3 or eee ase ee ano eee ene see eee ace eee eee eee rng aes eee eee eee eee coe das see 405 vee “AAD *** eee plojysy 
Se see |e ae) a Oi Ree eng eee ce Wee asec 0c ek] dee [oot es 21a dep 2 7+ ougoinog 
Sve [OVS | © SOT |PPO |STO [OP Ez\Sz Ez0z ZZ|S “22| °° [ST IZ “12/07 OZig “gz\0 “OZIOF GTIOS GIION'6IIS “6T| °° [SPStioe’stioR ZT) «| 7 ae susojnog 
68S | | ** | ats |8EO | -* [PE ESTES! |S TZ] -- 16 “T8hG°08| °° PSETIPE CT) - |b “6LIGS'ST| ** (GEST PG LI seain 3 # sanbig-ep-qu0g 
EEC eee a oe EO te OS COLL Cal ai 1G Lol) scones LOD 0G) 2c" SP 6T/9V'6T| *** |9G°ST/TS'ST| --- |TEST DeLee ashe as he Se eN 
IZ cc'L eee eee ase eee OT ZIT er eee IP 1Z eee TS'0Z/9E' 02 eee . eee OL'6L eee OF ST TP st eee IZ 81 pS OT LI eee se eee eee eee boue1.y 
(a4 crt eee eee eee eee ¢ “€Z 0S9°2Z eee 08° 1Z eee 0702 GZ 0Z/0 02 aS eee S 61 eee GE'S 0f'SI tee OL SI ZN S “LI eee «6 eee 49[A)-4NS-]IN9I}UO[AY 
00 (0 0 00 | °° jOF2) *° \SPOz/SF Ot “" | “° |S GE) “° [SSzTisr st} ** 0 “ZTSSzTjO zt] | | ce loren| o | oc | dep ie “* SHEd 
Ly | Lb | 69 | 9 | 69 | Ob | 89 | Bh | Zt | 69 bp | 89 | 6b | GE | 69 | Zh | SE | Ob | OZ 89 | OF | 69 en ieeekONGNLVELT: 


‘panuyuor—ASINOUVW-LNVSSIM La ‘ANDOTNOG ‘UAW-UNS-TINAWLNOW. °6 


268 


‘seq WO} CT YIM Surjdauu0d “GE°g Austane> pue *gZ'g suuopnaiq ‘Zz"g Ayqureyy 38 syed (v) *s010;\) [eY— wry *8-G *SON] ‘SULO} [J UeqIngns JeEINO—*§"9Q 


a a a et I eh ee 


(o a os beara pj} — 
tee see eee LY'8 (a a) eee | eee eee eee see ee eee igc’y CEL 082 coe scam p) Tt) 0s°9 eee 0F'9 019 0s's OP'S CO 050 ubsi9g-}uOWNeEg 
see eee eee Z8 eee eee ceo lee a eee Ky eee 0c’, Co, eee soe Z yi wee ce'9g G 9 ces 66 eee ee So]feoino7) 
eee eee vee i, n°) oon eee eae C7); eee eee CFL 0a 2 eee eee 1¢°9 eee 0e'9 0 9 E'S 66 eee eee SIOTHFETAT 
eee eee eee € re) eee meg i. aoe eee IL OTL, eka ove €G'9 2 198'9 9g°¢ 92'S 66 wee eee oyfAureny 
eee eee eee 6S'L eee 1° eee eee LE'L ZL 8 L eee 6h'9 $h'9 229 z's | zz 66 wee eee -*- uanoog 
toe eee peas eee 19°. | eee | eee PEL i Yh see 6&9 69 67'S 6S “cc eee eee B9LIgG~IS 
eee petal Re eee eee eee oe Z, + G vy eco 1¢°9 19 LVS GG ss eee ese S29] [PIES 
ease | G07, eee eee eee eee 602 6¢°9 eee bE'9 PL9 brs PLS ee ece eee SHEL 
0 °g eee eee ooo a H ds Hh si eee 1982 a BR 9¢°9 one 2 + Te9 Iv9 vs a TLe 66 coe eee eee SUIeIS 
Betta a ON oe a ele re 1) ROP AeoL | 2) egg} 9) ON tera gg seg Ihe g {sme + sive 35 
OSL SPL SFL | \SHL IPh'L [2h'L OFZ \8EL | ** 9EL [Zee STL [STZ |gs'9 \sh'9 | * Ise'9 logo [0z'9 [0 ‘9 logs loss lo “s |'HP ~ “* SHUd 
6 | ob | ub SO | Zt; 6 | oF | UL at | 6 | OL /SO| UE | 3 6 |8O| OL | LE} bjso| 6 |)" ** = MuodIvig 
6Z; 8Z | ZZ |W! OS | 92 | SZ | PL | EZ cL | 18 | 06 | €G | 68 | LL 08 | £9 | 06 | 18 |; 68 | 29 | O8 | “ON Nive 
SNIVE], NAO 
NVSYdd-LNOWNVAG LA NANOOA ‘STUVd ‘ZI Q 
N 
| 
6 | OF) HL zt | 6 | OF | HE |SO| Z| 6 | OF IL | 3k |so| 6 OL | LE Cf a 
PPL CV L OP L | "| ** BEL EL PEL EL EL OL LZL ONL | °° [2S°9 [OP'9 lOE'9 [279 | -* loro lors | | | oe | cee ee Taeseee 
sa baa wee Sse Kae Co L Z vy ae Ze9 eee Z Gg BEG eee eee eee 6 see eee stusq~3S 
eee eee eee eee SoZ 1r eee 6¢°9 eee 62'9 + eee 6c°S 62'S see eee eee 6 see eee see SUIRIS 
occ eee eee POL eos | see 9¢°9 ee 92'9 | see 9G" 92'S see oes eee $6 aoe eee eyyeLesg 
gi ove one R OZ) eee see | eee i eGg'9 on) . €3°9 a Sop. |farouo esg see ee ee 66) fel ose SOT[PITeS 
ZS eee eee 97°2 eee eee wee eee ZN 1¢°9 Act ZIS 139 ZS eee TS 13s eee eee eee “ce eee eee sIUG~3S 
de gS 9Z'L eee eee eee eee eee eee eee evs 879 eee 6¢°9 89 €l9 eee 8P'S SI's eee eee eee sé eee eee eee uenosg 
ZS 93°, eee eee eee eee tee eee soe eee 6 =, eee eee PEO eee 6 9 tee bys ase see eee eee 6s eee tee a]LAuIeyy 
90°2, eee eee eee coe oe eee eee woe 4s eee G He eee eee 0e'9 eee x G 9 oe Ors ose see eee eee “é eee eee SIOTEYEIAT 
ate sole wee phe See ees ase lata ese aS one 0 oI} eee tee GZ9 eee aS 0 9g eee GEG eee aes eee eee 66 eee eee Sa][P2IN07) 
S08) oss he foeey fotee | ere | see | ene fase lagey | see Iegeg | e+ | = lazeg | -*. lorg cog | logs | fo foe | oe ‘dap eee ubslog-}UOlUNvEg 
6Z | 8Z | ZL 9Z | SL | bL | &L | OS | OZ | 18 | 06 68 | LL | €& | 08 06 | 18 sere TON NIVEL 
SNIVET, dQ) 


STaVd LA NANOOA ‘NVSUAd-LNOWOAVAd “IT 


“010YA] [PY —"Wl 


*9-G SON] “SUIIO}IEL J ueqingnsg 131nOQ—'§ 0) 


eee aoe ooo 6¢'8 eee eee oes eee eee eee eee eee eee oo eco 978. eee ere eae vee eee soe 66 eee uvsi9dg-]UOWNvEg 
ove 1 "9 one tee vee eee ove eee eee oor eee LZ " eee eee see eee see eee see ser TS: eee eee > eee see Say[90iN07) 
vee eee 63°38 soe eee eee see eee eee 1°38 eae eee eee see eee eee eee eee tee 6 eee eee SIOIPYR IA 
eee eee eee see eee eee eee eee eg eee eee eee see eee eee LT eee eee ‘6 eee tee a]Aureny 
eee ose CP'8 eee ae see eee L "g eee eee aoe see tee LV eee one 2 ove eee eee uenoody 
eee eee eee eee eee eee 1° one one wee eee LT8 eee eee ? eee eee 99LIG~AS 
eee see eee eae oes 8 "2 eee ase araie 88 eee wee ‘ eee see $9[[PDTVG 
see aoe ace aoe 6E'8 eee eee eee 618 eee eee eee se eee eee enyeustg 
see see eee 078 ose ee as ‘ h eee 02'8 oo a eee pe i i i cee . 66 nee eee see SUIEIS 
aoe nN 0s eee eee eee eee SN AN BN UN nN 028 eee eee aN ove aN AN ZN EN ON eee 0 EQ "WD" eee stusq-3S 
“* l9g'g izes |“ [08'S [82'S \9z'8 |Pz's |2z'8 [07's [ST's \91'8 [2T'S [01'S (8 ‘8 8 8 |9 8 iF ‘8 | 8 08 IBsz \9GL |“ \egL | HP ae "Sed 

ob | ab 6 | OL | HE | at | 6 | on | ub | GE] OF | UL] ZE|SO| 6 | OF| BE | aE | 6 | OF Shy ee Od 

68 | ZL |WH| LZ | vL | SL | OL | LL | BL | GL | 08 | 68 | 88 | 28 | 19 | 98 | SB | v8 | £8 | zB | 18 og |" “ON Nive, 

| SNIVaT, NAO 

e ¢ e 
panunuoo—NVSYAd~LNOWOVAG LA NANOOA “STUVd “al 

so | ob | aL 6 | Ob} bE | Zk] G | OL | LE | GE | OF] bE | ZE|SO| G6 | or | eL| aE] 6 | OF wh ot WaodLyTg 
0€°8 (0€8 978 | “° \Fo8 278 078 8I8 918 PTS \218 O18 9 8 PF 8 2 8 (0 8 [0 8 \SS°L OSL PSL 292 OGL | -° SFL | “0 = Bt: “* SHE 
608 eee eee eee eee G ‘8 eee eee eee ov eee sé vee aoe stuaq{~1S 
eee see eee see € 8 see | see cee tia eae eee 6s eee eee eee SUIEIS 
eee eee eee ii) 9 eee oes one Liga eee eee eee 66 cee eee ayeuUstg 
nae eo BN NN G 8 eee eee eee a UN Cr 2, eee eee eee eee ee eee eee Sa][P0TeG 
sae eee t Zs 9 ze) oes eee see eee u AN oF 2 one eee eee eee eee 66 cae eee 2011-4 
Fatate eve d. BN 9 ‘8 Aor eee eee ene woe ak ZN OF L eee eee eee eee eee ¢ wh ee eee eee eee uenoog 
ese k eee ZN 9 g eee eee eee eee eee eee i GN OF LZ eee eso eee eee eee eee 6E°2, sé eee eee afAureny 
a eee N see 9 2) eee eee eee eee eee eee aoe UN OF L eee a Prey eee aes eee eee ce), aN SC ees see SIOIEHE IA] 
aN aoe 9 ze) see oes eee cee eee cee eee eee eee OFZ, eee eee aS eee ale 306 tals 5or states 0g Z 93° 1, “ce eee eee Sa][90IN0-) 
arg | fc fe foe fee fee Pee fee foe fee fee tp [ee Pe lop fe fee | ee dee fe fe lea lize [dep > uesieg-quownesg 

8€ | 68 | oZ €L | bh | GL | 9L | LL | 82 | GL | 08 | 68 | 88 | 28 | 19 | 98 | G8 | 8 | €8 | 28 | LS |W] Os | CON NIVay 


‘panuyuoI—STaVd LH NANOOA “NVSYAdLNOWNVAd 


II 


SNIVET, dQ) 


270 


SS 


S 
ZS 
ZS 
aN 


ST'6 (206 [O16 8 6 


“1010 [YW 


‘'8-G *SON] ‘suO}IeT I ueqingng¢ 13iNQ—"s "0 


i eee see see tee see eee esa eee eee eee 86 eee ese eee see eee “ce eee 
et Eg wee eee eee see aoe SAUTE eee eee aoe eee eee see see Paes Cg 66 ae 
he cr Ny seis) a ——LT6 eee coe eee sale Bee faaeanT-5 Com ASS 

0 han coe EG As al |, sano. (eos so eg | AEE 

| et or Pe Ns aaa a 

2, Sree ue toh apt PSS oe RL a rie: 

076 ter | oe ove | coe | gy UN nN gS # oo (9 0-6. ———|0 6 EN wes [aeee EN R a #® | pin > 
ZN “aS aS ZN ZN aM aS 


96 |P 6 2 6 (0 6 [8S°8 jogs 


ol | 6 


ol |}soO 
18 


Ol 


LS 


cS'8 \0S°8 \6F'8 |8F'8 |9F'8 


FPS \2F'8 0F8 8E'8 


uvsiog-juounveg 


CG Sap[eoino*) 
eee SIOTHFETAT 
“ gylaureny 
eee coe usnoo7 
eee eee 9dLIG-3S 
tee So][921eG 
see oye 
eee eee SUIRIS 
“+ stU8q]-3S 


Sled 


ot | 6 
08 | 6L 


OL 
SZ 


LL | GL | 6 | OL | UE | GE 
LL | 9L | SL | bl | €L | OL 


OL 


LL | SO | Gb 


OL 


Lb 


(4! 


6 


18 | cB | So | €8 | v8 | S8 el ta 88 


“Panuyuoo—NVSUAd~LNOWOAVAd LA NANOOA “SIUVd ‘CE 


WHOALVTg 
“SON NIVEL, 


SNIVE], NANO] 


ob | 6 | OL | LE | Gt 


OL | LL 


oh 


6 


OL 


Lb 


GL 


6 


eee 


WYOLLV Tg 


bV6 |216 [016 | “* |9 6 fF 6 [2 “6 (0 “6 (0 “6 \gc'g joc’ [pc's \zs'8 joss | “ [ons lpr's | * |zp's lors ses es Pes ces | 7 vs "Sed 
eee ooo 6 ‘6 ose eee eee eee ovs8 eee eee eee eee eee se eee eee stu9q-3S 
ove ¢ 6 eee eee see see hs eee eee vee eee eee €Z'8 “ee eee eee see SUIEIS 
ii) 6 eee eee coe eee tr8 eee eee eee eee eee 728 tee 66 eee eee aHYPMIIg 
eee eee soe ae | ps aN Crs eee eee eee ee eee Hh R G38 Se 55 CSTD sec see SoT[PITeS 
eee eee eee eee Bs | ZS oF8 eee eee eee eee eee tee 1 ZS 92°8 eee eee see te eee eee *** SLIG-3S 
tee eee eee see | A an 9P'8 aoe eee see eee see Irs Ht eee ZS 928 wee eee see see sé eee tee eee usnoo3 
aoe see see eee k ZS 978 eee eee see nee eee coe LE°83 ZN eee 928 eee wee eee wee see 66 eee eee a]fAureny 
see soe aoe coe UN oF'8 eee eee wee see eee coe eee ees UN 928 tee eee wee ee tee wee oe &é eee eee SIOTPPEYA] 
coe coe ee see 978 eee eee nN eee eee eee eee eee coe 828 928 eee eee see wee eee see wee vee “a eee eee So[[PoINo7) 
see eee eee soe eee tee s+ lop eee ase see eee ese ses 107g | ce tee see eee see cos tee aoe ove ‘dap eee uesidg-juoUNveg 


08 | 6Z | 82 | 19 | LL | OZ €L | OL 


18 | 28 


£8 


78 


S8 


98 


18 


‘panuyuol—STaVd LA NANOOA “‘NVSUAd-LNOWNVAd ‘TT 


+ CON NIVEL, 
SNIVU, df) 


271 


*9-G *SON] ‘sulopyel ueqinqng 1INO—'§ mt) 


eee oes aoe eee see eee 66 awe uvsi9g-jUOWINvEG 
ee ove eve vee cee eee Ces eee s9][201N07) 


eee eee eee see see eee “c ese eee sIOIPBeIAl 
seo eee ees cee see see 66 ane eee aTLAUIeHnY 
see eee eee see aoe Le'6 66 eee eee **- uenodz 


eee see see ore L "6G “cc eee eee 29g-3S 
aoe eee vee g 6 + 66 aoe see $9][2212G 


66 aoe one ayaa 


see eee ILOL eee e "0 eee aise Ade see 06 eee eee . eee eee eee SUIBIS 


eee eee uN N . gis ZI UN Z iS ZS . 
scot ee 1 OLO-OL == Re et et ee Mh RPO et as |e eae | oe) stu 
ZS aS ZS AS . 


ee --- lz ‘orlo ‘orlss'6 l9s'6 \zs°6 \0s'6 [sh'G |9r'G [SP'G |P¥'6 [26 | “* (OG 8E6 BEE 9E6 2£'6 (086 \826 \926 176 76 |°%P * ce Nae segite A oa 


it | ze | 6 | OL | TE | 6 | OL | HL |SO| Z| 6 or | tt |so| ze | on | be | ob | 6 | OF | EE | i WuOdLV TG 


98 | 48 | 88 | 68 | ZZ | €Z | PZ | SZ | 09 | OZ | LL e2 | ez | 29 | 08 | 68 | 88 | 28 | 98 | 8 | vB) “ON NIVEL 
SNIVET, NAOT 


‘panurjuoo—NVSUAd-~LNOWAVad LA NANO ‘SIuvd “Gl 


6 | OL | UL | ZL | G6 | OL | GE | 6 | OF | FE aE | 6 |SO| OF | FE ZL | OL | WE | GE} 6 | OF | UE | ve WHOLLVT 


0 O18S'6 \9S°6 (PS'G |zS'6 \0S'G |9F'6 |PP'G [2h [0F'6 | “ 8E6 SEG see (pee (226 | \08'6 976 P76 [276 [076 \8T6 ST 6 Oe, hy ene ses 
eee eee aoe avé6 eee soe see eee eee 6O6 eee 66 tee eee stuaq-43S 
eee eee e7'6 eee see eee eee €36 eee eee 4) oes 66 see eee eee SUIRIS 
eee tr'6 eee eee aes eee P36 vee oee eee see USS 0G OG aHYyeret 
Ls EN MLC Aah fe SS 2 ee Th eS J + |g leZ6 Se. coo: WF coc, ly oan i a GG Be Sa][2218G 
IS 976 eee eee eee eee k ZS eee 936 eee eee eee eee eee ee ZS 9 6 ace 66 eee eee 2IUg~3S 

N 976 aes eee eee eee eee cee eee ZN 9 6 eee see és eee see eee usnos3 
9 6 eee vee see 66 nee eee aT[LAureny 


eee eee eee fee eee coe uN 926 eee eee eee eee eee eee see eee eee uN 9 6 oe see eee -os 6 ane eee SIOTPETA] 
. see vee see vee eae see so]]90In07) 


eee eee eee eee eee eee SI6 eee eee one eee eee eee see vee eee eee ‘dap eee uvsidg-juouNnveg 


vs | se | 98 | 28 | 88 | 68 | GL | CL | PL | SL 9L | LL | 09 | SZ | GL os | 68 | 88 | 28 | 98 | $8 | #8 | "ON NIVST; 
SNIVET, dQ) 


‘panuyuoI—STyVvVd LA NANOOA ‘NVSYad LNOW Vad IT 


272 


"9-G ‘SONY ‘suUIOPIe]Y URGINGNS J2INQ—'s"O 


eee ee ee 


aoe eee ee'z1 eee L721 c Af eee see LSI CE Il eee eee eee LZ (1 Il eee 89°01 eee LS OT cs'OL eee 05°01 see Sz I 66 nee uvsidg-juoWINeEg a 

eee eee QZ SL eee ZC OL eee eee 6G LL eee see eee 0 LL eee eee 3G 01 eee CP OL eee “ce eee eee so][a01n07) 

eee _"_ ES ar eee LUG eee eee LH TL + eee eee eee LUTL 4) eee eee L701 wee Or OT eee ee eee eee sIoITJe]/| 
ca LOSL eee eT OL pene eee €P IL | beet ooo eee eT TL fete eee ey OL see 9¢° OL ak oe eee soe oTpraureny 
EEZIES CL 16 OL | € Zt) °° \6e Tt | PEE eile elt € Tt * 16801 * 1801/92 OF | tes oa *** uenody 
62310631 oa 6o°TT| *" ATR 2 ee 69° 0T oa pe iGGOthe | Sees BO Bd11G-3S 
LBZlI eee 1g° IL wee We TI eee wee ey OL OF 01 nee 13 OT coe 661) miele: eee Sa] [PILBS 
Po OL eee 5S TL eee 7S IL eee eee SOL cP T see 2 OL 6T OL 66 wee 506 aNyeUeg 
IZZ1 | nec “ TOIL ears’ IZ IL eee ee pe p TOL T ) a Adc IZ OT G00 a 66) Avs see Ses SUIRIS 
8ST SL mn UN o 87 IL AS J Sr 0L ZN ZS eee ST OL eee ZN “WD °° eae stuaq-3S 
OMztls ‘ZIG ‘Z| “ |SS ITSP ETOP TT “ \SoTt SUIMOVIE °° | °° (SSOTSPOTlOF OTOP OT]  [SeOr|sT OT) “° OT OTS ‘O18 “O1| “dP °° es Se) aed 


| 6 | 3b zi |so| 6 or |so | tb zi |so| 6 |so o1 | so iL | ze |so | °° NxodLvig 
u | v8 | $8 ze | 99 | £8 gg | £9 | £2 os | zo | 22 | 6 | Zz | 18 | es ze | es | 6g | ON NIVUL 
Pie eek ese ee 


‘panuyuoi—NVSUdd~LNONOAVAd La NaNOOd ‘STuvd “Cl 


a ee ee ce ee 


LL SO | dt 6 |SO| OF LL | SO |SO| Gb 6 L sO | Li | Gb sre ses WYOTLVTG 


Mlle 


: 
SS 
ton 
SX 

Wh 
. 
: 
SM 
Mit 
WN 
MMe 

[ee) 

el 

ei 

ral 

. 
: 
: 
: 


ZA 


273 


oe | ee | 7601 eel ee | eee | comes 


ZS It] | 7° JOS TELE TE * ZTULOT ULL “IT “* [CS OTOS OTE OTs OT) “ j2eOt) "| ert ecole. Olicren | Sm | tke Oe 
Pil eee eee eee PCT eee PP OL one PLOT ose eee eee + see 66 eee eee stuaq-3S 
IVI eee eee eee ITIL eee TP OT , + eee ITO eee eee wee eee 6e eee eee eee SUIRIS 
Cot fo On Ee * (BE°OT| | wee gas Wee, ck 2 aes snyouetg 
OC TNS. PO a fea h | (SE Or ae | Serich bebe siess.1 | pose sa][20IeS 

seat lee OL oh BR ie Sardis oiler epee sUlg-3S 
ost | EZ] “0 TL eS'0t) “* \Oe OT ae | tal haa Ya Ok ois “** uenooy 
Soa Aer ee8 6T IL eee eee 6701 eee eee ZN 976 eee “e eee eee ayAurepyy 
eee eee eee CT TIL eee eee Rk Cr or ose eee aN 
ove eee eee AS OL IL eee eee aS OF OT eee eee 4 
eee eee eee Of IIIS “II oes oe 0 “LICE OT eee eee Og OTOL OTL ‘Or eee eee eee eee 


u os | 28 €8 | 9 | 98 €L | £9 | 29 | 08 LL 18 19 | 28 | £8 Sol SON aE 
SNIVEL, dQ) 


‘panuyuoo—STUVd LA NANOOT ‘NVSYdd\LNOWNVaAd Tr 


WS, 


MME 

. 

. 

° 
SW 


ecg 9P'6 an eee 66 wee eee SIOTHeIA] 


eee eee eee Ga sod eee sa]]e0no7y 
lope ice fo fot dep *** uvsiog-juowneeg 


*8-G *SON] ‘SULIO}}e[ J ueqingng JINO—'S ‘O 


" leSpl| “° \AGpase'bT] “| | OP HTILTHTIG ‘pE| “°° | °° lesetise’et] “| “| leventig “et] “| jagznsecr) uesied-juounveg 
eee oop ZGPL eee ace eee CE FIUZSPL eee eee 2G'§1 eee coe see Ga Sl eee coe BG SL 66 nee ore Sa][eoIno7) 
eee ‘r eee LVPL eee cee eee OFFI LUPL eee eee LV EL eee eee eee LUST one see LVZL + 66 wee eee SIOTHYJETA] 
eee eee eV TL eee eee eee 9S FLETPL | vee mar Cr EL ee eee eee eT EL eee eee CP SL i: eee eee oy[ureny 
€ “SI “" 68 bE | |eepl| | lee rie “PT "|e ‘PTi6e'eL “* legen!“ |@ et) | (€ “et) “ \6ezr Lo A eee 
6C°F1 eee 6371 eee aee 6T FL eee 6C°€T eee 63 ET eee 6S SL eee eee eee BdIIG-3S 
1S°b1 ove LZ FL ese coe LTP eee Wexsai ooo 1B EL ose + 1G ZL coe 4, Ss iaes eee SOT[PITES 
7S’ FL eee PS PL eee eee PLPL ose PSST eee PS SL eee ewAl eee | “ss eee eee apYyoLesg 
IG'FL p eee ) a IZPL eee eee ILPL } a eee TST BR ove IZ El eee } ; I¢Z_ vee a Be WR ose fps sure}g 
ST FL q see g aS STP 19 BT EN ZN ODOT ZN aS “-* IOTET| oo ZN aS PiarAdl os AS aS "LAD °*° age stuaq-3S 
OF PISE'PT| “ \sv HUST PTOrPt) “| “ \o ‘pEissstispet| “* lopetiszeristet| -* loret| ° \ssztlsrzrlopzt| “ \szzrst2t| 4P - ca “s SMUd 

zt | So 6 | SO | OL LE | 3b | SO 6 | ok |so LE zt |SO| 6 OE SOF ars MOH 

98 | vb 18 | 29 | €Z 3 | LL | es z8 | £8 | s9 98 os | 1G | &Z f8-).09:) 77% = 5 ON NEL 

SNIVa]T, NAOT 

° ¢ | 
panuljuoI—NVSUAd~LNOWOAVAE LA NANOOD ‘STuVd “CE 

ot $O| 6 Ok }SO/} 6 | LE | GE $O| 6 | OL $O |} LE |SO | a 6 |SO| OL vee ses WHOALV Tg 
Col) °° OCHTL HL] °° |CSETOSELPH ELLE ELIZTEL| “° OCELIL “ELIZG ZT) “° |OS' TLE SLOT ZLOE ZT) “° \Z7 ZO “ZEL ZT) "| HO we "Sled 
PLPL eee eee TEL eee TLET eee TVSL eee GO OL eee TLSL eee “e see tee stu9qj-3$ 
IlPlL eee f see Tr &1 eee ITEL eee “r IV ol eee il > 6T' SL eee ITGL eee ee oe wee eee SUIEIS 
8 ‘tT °° coe itesesteil VE EL Sac eae Best) - 9TOL} -° |8 “ST se a ee 23 Ata ees | 
G ‘pl g | (SET TEeT] ~ 9 el“ gr (SCOT) ** s €TST| - |G “OL | a A pales < S][P 2225 
€ ‘PL see BN eee ce'EL 6B EL ZS € eT eee ZS CS SL eee BN ILZ1 eee ¢ vail ZN oe 6 nee eee 20-3 
(Us 2 5 eset) **’ \O€ st 97 ELECT ETO ET) ~° ES ZO zt) °° tara | 8 ZL] ~° (0 2t CPL cle Me *** Uenodg 
pee see 67'ET eae eee So SL6L EL eee eee 6731 oe eee 6L'3L 0 “OL see eee 67 IL eee “ec see eee aT[Aureny 
eee see a cr él eee eee BN eee CT EL eee see a GPZL eee eee a CTZL 5 0 SL eee eee a CGFrII see “ee .- eee SIO] 
oe see aS OF'ET see vee aS eee OL ET eee ase AS Or ZL eee coe AS OLZI iN cc tl eee see aS OF IL eee VA Cr eee $9][901N07) 
see oes 0 ‘PI Ces eee eee 0f' $1 eee G | eee see 0 "el Se'Z1 eee eee 0¢'Z1 Co At 0 ‘ZI 0S IT eve eee Zit Se Il ese ‘dap see u¥SJ9dg-}UOUINvEg 

98 €9 | 18 eZ | 09 | v8 | G8 | LL es | 08 | €8 G9 | 98 | LS | 08 €L | &y | 18 me ON NIVEL, 

SNIVET, df) 


‘panuyuor—SiuVd LA NANOOA ‘NVSYAd-LNOWNVAd 


“TL 


274 


"8-G ‘sony ‘sulIoFe] J Uequngng JaINO—'g‘9 


see eee eee OVI eee eee soe eee oe eee LS'9T eee 0f'91 eee a S ‘Ol eee eee LS'ST GE'S] eve eee LZ'ST S ‘s] 66 eee uesidg-}uOWINvEg 
eee eee IAT eee wee eee see eee ere 6G 91 see eee 66 OL wee eee 69° ST eee eee GO SL ee eee eee saT[eo1n07) 
BS RA : see see see eee see seo LP 9L eee ee LUQT T eee eee LST eee eee LEST 66) ee see SIOTPYRIA] 
ITLT + eee see see see aes) see €P OL easy eee €T9L Louk eee oF CL eipksl eee raed | 665 ee eee oyAureyy 
ee tor 10 TET)" 16S SESE OL 16 ‘OT © “Ot] “* \6e'st gest)“ |6 “ST Tae WiC mt os cE 
| tee see see aoe 9¢'9T see A 63°91 tee 6¢°ST eee 62ST eee “cc eee eee 99Ug-3S 
vee focee | see | eee EQ OT] see 26°91 ze LgGT} ** LOST) °° eas RS Med | Bath as 
eee ais see see TS’ 9L eee 73 OL . $S°ST soe PSST see 66 woe eee aHYeMsig 
a se x eee $S'9T cee tee eee eee Bs 12 9T a tee d k T¢'SL aoe Be BS ISL aoe a ds 66 eee eee eee SUIRIG 
R oN x BN a TS°9T ates ze Ee ca A |etgt| * . gS ZN PST eee ZN ZN ST CT] -- ZS aS “AD eee stueq-3S 
PS'9OTZS 90S 9TOS'9T| “° \€P9T! “| “* [OP'9T) “* [SZ 9TOVOT/OL OT) “* \Ss°Stish'Stiop st) -° Ise Stiststiorst] -° \soptisp pr dp -- ie “* SURd 
zt! 6 | OL |SO OL rl 6 | ok | so 1L | SO] a 6 |SO | oF IE} SoO|°* “9 WaodLyig 
bL | $8 | 78 | 19 08 68 18 | 98 | 09 ZL | 0G | €z €8 | 3G | 28 08 | 80°) 5°" ON NVA, 
SNIVU]T, NAOG 
‘panuijuoI—NVSYAd~LNOWNAVAG LA NANOS ‘SIUVd ‘ZL 
oL | $O |} OL |SO| HE | Gt |SO} 6 | OL So | te GL |SO| 6 OF |}SO!} LL ie © WuOLLVIg 
Sr9T| “| “| “* (Op 9Tize 9Tloz9Tog oTiZz OTIS “9T\L “9TIzs°St| “° los’stize'st| ~~ lzzstlozstiz St] “ \zepLlos pre bE) | em Ae "Sed 
07 9T eee eee ene 66 OL PL OL bP ol eee eee PLST eee PTTL eee se eee tee stusq-3S 
LE 9T tee eee eee 6L9L IT9T TP'ST cee 4) eee ITSI see IV PL eee “ce eee eee eee SUIRIS 
pf OL one eee see 9ST 9LI8 ‘OL ECT eee ae g CI eee SSF eee 669) Rae ane aWYouUstg 
eee eee eee eee x i €T OIG ‘OL | pS Ge'CT eee a eee G CT De ee Co FL JR eee sé eee eee Sa]fP0I1eG 
et) — a me EN | Troe ‘OT ZN €e°CT eee ZN aes ¢ “OT EN eee Ce PL uN eee se bees eee aIg-3S 
see see eee eee €27'91 8 91 0 ‘OL €S'°ST 0€°ST see €27'ST eee 0 ‘SI eS PL eee 0 FI eZ PI eee Ce eee uenodg 
eee eee eee see | 6T9L i OT eee 67ST eee eee 6T'ST eee eee 67 FL see eee 6T FL eee Aid eee eee afureny 
eee eee see eee x CT OL as 0 ‘OL eee As CP cL eee eee ak CSL eee eee a CUPL aoe eee ds CLPFL eee sé eee tee SISTER] 
aie cee oye ses AS OTOL * |oc'et| °° OPST| - pee ZN OTST - tes aS OVP tek ZN 1) re Se ro $9]]201N07) 
eee eee ees * 02°91 S 9] 0 zy 0S°SI eee LYST Ges eee ase 0f°ST S ‘GT eee eee 0 ‘SI GE PT +90 vee Of PI S PI see ‘dap see uvsied-}uoWNvEg 
bL 6G | 08 | $9 | G8 | 28 | 8E | 18 | 98 9 | ZL eZ | 0S | €8 cs | 2f | 08 ita, S88 SON EVD 
SNIVET, dQ) 


‘panuyuoI—STYVd LA NANOOA ‘NVSUAd~LNOWOAVAG “IE 


275 


*Q-G ‘sony ‘sulIOWe] J URqINqns 10INO—'¢"Q 


Jae Ss a ee a et oc a A lg a a Se Se Se EL ee 


ee woe wae ata OF LI ae ara 56 G0 Hed cee nee O50 one NG Aon aisle pod 66 eee uvsieg-}uouNveg 
oon cee eee Acs eee TGA eae ove eee eee aes eee eee wale eee me eA sen eco eve eee eee ase eee 6 eee oee Sa[feotno7) 


see eee eee eee TG 21 ‘ ose eee wee Soo 4h AGS oe eee RAS apa LI + ove eco eee soc eee eee ose “6 eee oe SISTEFETA 

eee eee eee eee eee eee eee Se alae nae ay[LAureny 

eee IIS Lt i) see eee wee eee eee =7ett eee eee eee eee TH eee ILI in tee eee "seer 
| eee eee eee eee eee T ° eee eee eee eee T coe eee eee i oe’ 

eee eee see pees ee yt an 38s eee ere eT LI eee eee eee eee oY | 

eee ‘ eee ooo beet LT eee eee eee as si eee eee eee “é eee eee eos SUIEIS 


oa 


AN g g PAN gis AN 
ose aN ZN UN mw mN eee bE LT eee oe uN ose HR aS BN EN HR SLLI eee eee cee ON eee EN “AAD *** oo SIU2({-3S 


S 


OF LISE LTQE LIPS LTZe LU OE LT) “°° OS LPS LUT LUOT LOS LUST LTT LU PT LUCE LTT LT9 “LTP “21/2 “LTO “LI8s'9t) “* j9s9t| “YP ~~ ae oa sied 


6 | or |u| ze] 6 | on zi | 6 | or |Sso| ub | at | 6 | OF | bE | ze | on | ub | ae | 6 | OF bb | tt WeodLvTg 
SL | 92 | 98 | Sz | ze | LL ss | 6Z | 28 | 09 | cz | 8 | 22 | 18 | 08 | 68 | zz | zB | BZ | 98 | OL gz | °° *__ON Nivay, 


SNIVU], NANO 


\ 


‘panuyuoI—NVSUad~LNOWAVAd LA NANOOA ‘STUVd “OT 


6 | OF] HE | 2b | G6 | OL |SO/} ZE| G6 | OL |SO| HEL | Z| 6 | OL | EE | Gt | OL | LE | GE | 6 | OL |SO/} ERI so WHOALVTG 


PE LUCE LOS LISZ L197 LT v2 LI OS LT OS LIST LUST LTO LUT LECT LT Ort LUS “LTO “LIP “LTO “LESS 9T9S 9TIPS 9T/ZS'9T/0S 90S 9T| “442 “°° ae “Sed 
s + roel fn te OT LI () piste hee ag 9¢°9T + A see he ARG sae stueq-3S 
eve eee LULT eee “i i eee eee 19°91 eee eee 66 eee eee eee SUuIeqS 
se 1OTUT) sac eee 8G°9T see eee | es 66 see oe anyeLetg 
ps aN 6T LI °° eee oes | EN 6S'9T A ove one p eN 6E° OT Soy asi eee SOT[PITES 
1 9 
| 


ZN OS LT °° COC: ial see | , EN 0 “IT ses 1 eee 6.) Fain coe BOLUG-IS 
k ZN 0 “LI - eee eee aoe af ZN OF 91 eee eee “ce eco eee eee uenosy 
ZN 0 °LT ose eee eee eee ZS OP OT eee eee eee se eee eee a[ureny 


eee aoe SIOTPYEYA] 
0° “IT eee eee 


eee “ec eee eee $a]jeoin07) 
eee eee coe eee eee eee 0 ‘LIISs‘9L eee eee 05°91 lop gy| Zr ol eee eee ce’ 91 eee see eee -- loe°or| °° ‘dap ove uvsied-}uoUINvEg 


SL | 92 | 98 | 82 | z8 | ZL | 29 | 88 | GZ | ZB | 09 | EZ | €8 | ZZ | IB | O8 | G8 | ZZ | 2B | SZ | 98 | 92 | IS | G2 | “CON NIVEL 
SNIVET, dQ) 


‘panuyuoIi—STaVd LA NANOOA “‘NVSYAd-LNOWOVAd ‘TH 


276 


“20701 [PW "a 


§-G “SON] ‘sWJO}I2[ I ueqingng 137090 —"§ (0) 


see eee tee eee eee eee lest eee one one tee see eee eee eee ST SI eee eee Pees eee one see toe 66 wee uvsidg-}uOWNvEg 
see coe nee eee eee _-"_|TE' 8 16a 8T eee aoe eee eee eee eee eee eee eee aaa ese oe eee eee “se eee eee Sop[Poino7) 
eee eee eee coe paced | bg | 02 81 wee tee ee eee eee eee eee eee i coat HT coe eee eee eee sé eee eee SIOTEYeTA] 
eee eve ene eee eairegyt t - OTST aes eee eee eee Soc ove 600 eevee IT T + 4) cee eee eee one 6 ose eee oytaureny 
eee ies eee 1¢ Te st t | ZU 8t eee eee ore eee eee hi eee Ilst + | | eee one eee eee “es eee eee eee uenoo7 
mae CoOL ove coe eee eee eee eee een OL ooo K eee eee erry eoe ee eee eee 2UG-3S 
ZEST 4h este 506 vee ae od ale “4 °) mile | | ASG ove tee a) oe Sc ond SO]]2012G 
eee | see eee eee eee __IeT8t eee eee eee eee Ba SpA 66 sve eee aYyeoLetg 
See Ao AB 2. A a aise AOD see a MPRT are hae OG oe pe h a A 605 a Pai Ago 66 ice AGS 0c SUTEIS 
eee zn eee AS aS ZN aN eee eee eT FT SL eee eee eee x coe ZN ZN gS ZS ZS eee ewAL as PAA ‘wD ae stueq-3S 
O2'STST St] “° ST STPISTiZEStOrst) -* | “° |9 “STih “STZ “ST/O “STISS'LT) “* |9S°LTISS LTS LEZ LTOS LT) °° SP LTPP LTP LI) “9P - ne * SHBd 
6 | oF | ak | 6 | oF zt | 6 | on ub | ze 6 |so| or | uw | a OL | uL | ae | ct Waoatvig 

98 | 9L SL | vl | $8 | 8 |WH 68 | 08 | 18 | 3Z | €8 CLEP LOMPLS TOL al Sennen VS |eSSnlebEel int aeenONGN ST 


6 


OL |SO | LL 


‘panuyjuoI—NVYSUAd~LNONNVAG LA NANOOA “STUVd “CT 


9 “ST 


oL | 6 


OL 


LL 


ot |SO 


OL 


LL 


Gt | SO | OL 


LL | Ob | oc 


SNIVE], NAO 


WuOALVIg 


vr PT ster SIOTSTOr sts St ol “1 "10 “BEBE LT9S LIPS LTZs L1/0S'L1/0S" Lt pe Ke be ee tay “4dD °° a “* SHEd 

see see eee \° aes eee see oe eee e “6 eee eee stusq-3S 

“y ase eee ewAt eee see eee 4p 4) 4p ooo eee eee LELT aoe "| + + + 66 ae eee eee sute}g 

eee 9G" LT eee eee eee one | eee see 8° LT eee cee | CO ons eee ayes 

t R 69° LT see see oes oe eee , EN 6E LT eee eee see eee | oe eee sa]faoreg 

ZN 0 OT see cee coe vee eve Raa A ZN 07 ZT ale ces AS sea Son | 1 Coie Be ee aolg-3S 

0 SI eee | wee tee see aoe see 8SLI sa ZN OP LT eee eee eee oes eee tee | h BN 6 ae eee see uenoedy 

eee see | eee eee eee eee tee SLT UN 0” LT eee eee eee tee eee eae eee | EN 08°21 “ee eee see oyAureny 

ous slate A eee oes Aina nam en 0¢°ZT R OF LT oon see ove ZN eee ese a sere Aer d a VA ea S60" Yeni sists SIONYR]A] 

see see aS see see see see see Cr LLP LT eee tee see | eee aS aoe see eee eee eee AN 0S LT eee eee ho N\ewe ase $2]}221N07) 

tee eee OS’ LI eee nee wee eee eee OF LI see eee aoe eee eee OF 2 eee one eee coe eee 0Z LI eee eee oe ‘dap eee uvsi9g-}UOlUNvEg 
98 | 92 | 09 | SZ | bZ | $8 | +8 WH} 68 | os | 18 | zz | €8 | €¢ | EZ 18 | GL | 88 | 19 | v8 | o8 | pL | CON NIvay, 


‘panuyuoI—STaVd LA NANOOA ‘NVSUAd~LNOWNVAd “IT 


SNIVET, dQ) 


277 


*8-G SON] ‘sULIO}IL] J ueqingng 4123090—'"§ "0 


see eee 02'61 eee eee oe eee eee vee eee eee eee eee eee eee eee see eee ie Sad eee one CP's eee eee 66 ane ubsidg-}uolUNvEg 
eee see see eee see eee conc eee IT61 eee eee eee eee see eee see TS 8T eee eee eee eee “ see eee S$a][201N07) 
tee vee + woe eee eee STL OL see see eee see eee eee see Soest (OST eee wee aoe eee 66 ose see SIOTPPYE IA] 
tee tee tee eee Ee SerLLOL wee wee eee eee eee wee Se st see eee wee see 6 eee tee aT[ftAureny 
vee eee eee eee Il6l wee aoe eae eee eee ___ts'8t eos eee eee wee oe eee eee eee uenes3 
eee lien IT6L eee A eee see soe eee ee eITT OL eee aoe eee eee 66 wee eee BLIG~IS 
__IBT6L Cite eee ae eee soe 20° ST ea eos eo tee 66 aoe tee SaT[e0teS 
€T6I eee see eee oes __|ee'8. eee eee see (eal ef ST 66 wee eee aye 
i. ASG a a 500 a an a safe x ee SOA “fe pe ps pA ps ds ee ee, ps PEST ead 682) Face nae SUIE}S 
eee AS eee as aS AS eee PST iste eos eee AS AS aS AS aS eee PEST aS ove eee "MAD *** eee stu9q{-3S 


2 “61/0 “61/0 “6T/8S'8t) “ 9g'sT pst ZS'8T| “* jos SSP SI\Pr SIizh STOP SIE sli9e SIipEe stizesrioe sl] “ 97 st\sestipe slice st] 42 ee a ot 


zt | 6 |so| oF IL | at | 6 or | zat} 6 | orl} ue | ze) 6 | or} ur | zw Oo. |so| | ze jo“ ~ WeoaLvig 


bh | 92 | 19 | OZ 98 | 82 | 78 1. | 88 | GZ | 28 | ££ | 8 | ZL | 18 | 08 | 68 LL | 09 | 28 | eZ | °*__‘ON NIVEL 
| SNIVE], NAO 


‘panuyjuoI—NVSYAd-LNOWNVAG LA NANOOA “STUVd “CE 


GE | 6 OL |SO/| IL | a} 6 |SO OL ot | G6 | OL | EE | Ok} G6 | OL | EEL | Gk | SO| OF We} ok EO WuOILVTg 
9S'STPS ST) “° ZS STS ST/OS ST\sh STOP SI /Sh SI Pr STOP SI/SE STI9E STIPE SIize SLO S1\8z 8T/9z SIhz ST\0z SLOZ ST] “ STSti9Tst| “7 sa "SHR 

BOO 9° ST wate non Sas 9L' 81 soc ae see stusq]~3S, 
eee wee eae LEST ase eee eee LUS8I aoe ‘s sae 6é eee eee eee SUIRIG 


eee dr eee ST SI eee ee eee 66 ane eee oye 
AS eee SePidse vee SoT[EITeS 


| Te ean coe B9gG-3S 

ost} | Soo) ||P eae» Ih ooo a #® lover [oe fee |e | oe Ast =: “*° *** uanodz 
A lovey <= oaureny 
eee eee ose male y a55 5s ose 4 S00 02°81 one one S69 eee male ene eee p eee 0 ‘81 ee 66 nae eee SIOTEYELA] 
g g ; ; 0‘stl - one Nea 66) ‘aise see sa]feo1n07) 

rer [ices [sve Tose lgpegg] cee | ee | see leggy] cee [cee [cee focee focee Posse Poses Pier Pere [ee la cpp oe foe foe | oe [dep uesseg-quowneeg 


tL | SL 92 | €9 | 98 | sz | 28 | 19 | ZZ | 88 | 62 | 28 | cz | €8 | ZZ | WB | 08 | 68 | v9 | LZ COU OL ieee OSL 
SNIVUT, d-) 


‘panuyuoI—STAVd LA NANOOA ‘NVSUAd-LNOWOAVAG “IE 


278 


"Q-G “SONY SsuIO}e[Y URGINgng J9INQ—'s'9 


SS a a a a ie lS em 


G 02 eos eee eee eee see ¢ 02 eee I *0Z/9S'6I eee eee eee eee eee eee ove Gf'6I eee eee 9¢°61 eos eee 6 eee ubsSl0q-]UOWINvEg 
eee aoe see eee ee ove eee 9G°6TITS' 6 eee eee eee eee eee eee eee eee see TE 61 eee eee CO oc soe so]feomno7 
eee eee eee ose on nee eke TS'6T eee eee oe eee eee eee see ieee TE’ 6 eee one Fesae Ob) SISTIEFETAT 
eee eee eee see aoa] eee IG'6L eee eee eee Wesco eee eee eS Te’ 6T eee see ee eee see oTtAureyy 
see see eee eee SS'6I IS'61 aoe one eee Zh 61 eee __|le'6 eee see “cc see eee eee uenodg 
eee eee eee SCS. eee eoe eee 8E°6T)_._|TE°6T eee eee 66 eee eee VUgG-3IS 
een FeCl st [ot | Oe TIZE GL is ek ee ea os |e 
lee 6T cos nee eee eve eG sa oes 200 at ied eae vice Oho SHY 
# FG 6T eee eee eee A ds d EN ps ane VE 6T eee eee ak a ps pe pe * | _ PLT 66 reise eee eee SUIEIS 
AN eee eee eee aoe aS AS aS AS AN eee PE'6T one eee tee aS AS aS ZN ZN aS PL6L eee "MAD *** eee stusq-3S 
SVGIPPEL2y EL) “* OP GIS 6Ti9e GI\be GIize'GLOE' GT] “ \Sz'Gt\bz GI\Zz 6107 GIST GTI9T GIIST'6T PIVGTZTGLOL6I9 “6h “6t|92P - ae “* SHEd 
SO | HE | & | 6 | OF | LL | ZL] 6 | OL ct | 6 | OF} EL | GE | 6 |SO| on] eb |] ae} OF} ue Jc OU WHOLLV Ig 
SG | 28 | 8Z 98 | 9L | SL | vL | $8 | ¥8 68 | 08 | 18 | GZ | €8 | €2 | €9 | 28 | GZ | 88 | v8 | G8} 7 CON Nivay 
SNIVAT NANO 
‘PanuyUuoog—NVSYAd~LNOWOAVAG LA NANOOA ‘STuVvd ‘ZE Oo 
nn 
nN 
tL | Gk |}SO| 6 | OL| LE | Zt] 6 | OL |SO| Z| G6 | OL] UL] ae] 6 OL} UL | Ob} OL] UR] OU WHOLLY Tg 
** 88'GTI9E GLSE GIPE GIIZE GLIOE 61/82 61/9z 6TihZ 61/07 GTO GEST GEST GTI GTicE GLOL6I| °° |g 619 6liP “61/0 “6T\8S°8T| “40 - se “* SHE 
tae sre Joes [eee IOTOT see | eee boo eco (ere toy | sy ees COC StU3q~3S 
see eee eee LU6I eee + + eee eee eee 1°81 eee 66 eee eee owe SUIe}G 
eee a eee ST6L eee eee PS tee see 8G°8T eee eee 6 eee eee sHyeiatg 
eee ile AS 6L 61 woe eee eee q ZS 6S°8T Orr eee eee eee 66 eee aes sa]fooreg 
ned BN 02'°6T tee tee eee eee EN (t) ‘61 oe eee see see eee eC esle eee ag-3S 
eee EN 02°61 f cece eee eee eee . see EN ON 0 ‘61 eee eee eee eee eee eee eee EN oN ee eee eee aypaureyy 
see 02°61 ee EN eee | tee eee o. eee eee a 0 ‘GL eee ee eee see eae eee eee eee OF 8ST 66 sae eee SIONYRIA] 
eee eee eee aS tee wee eee eee o- tee aN 0 61 eee eee eee eee see see eee aoe . Or’ 8T eee sé eee eee $9]]9O1N07) 
eee eee ace SL 61 eee ee vee ee eee see 0 61 eee see e eee eee see eee eee see eee eee eee ‘dap eee uvsieg-juounveg 
o8 | 8Z | 6S | 98 | 92 | SZ | BL | G8 | t8 | SS | 68 | 08 | 18 | wz | €8 | EZ Z8 | 6L | 88 | 8 | GB8j CON Nivay, 
SNIVET, dQ) 


oe 
‘Panunvoo—STAVd LA NANOOA “NVSUAd-LNOWOAVAL ‘IL 


*Q=6 *SON] ‘SULIO}IE] Y ueqingng 13jnQ— sO 


o¢ VHA eee eee eee LZ 2 sc ‘22 PLZZ eee LS1Z SE’ 1Z eee eee eee LUIZ (a ‘Iz eee see LS'0Z GE'0Z tee see 1Z'0Z eee “ss eee ubSss0g-}UOWUNvOg 
eee eee eee GG 6G eee eee 6G 13 eee se eee GO LG eee eee 6G’ 03 aoe wee GO 0G one “es see see So][e2In07) 
eee eee eee LU 66 eee eee LV 1S eee eee eee LT 13 eee eee 17°03 eee eee LT 06 see “ss eee see SIOTEPETA] 
eee <9) eee ET 3s eee eee tia . tee see €L1Z see eee €P'02 cee eee €L0Z eee 66 eee see oyLAureny 


6 zz| | (e-zz| ~~ leetz) | seni | 6 ‘tz| | |e tz| ~~ \eeoz| | (eeoz| je ‘oz) | “0 tt uenoog 


eee 62°28 eee 69°12 eee 63 12 eee eee 69°02 eee 62°02 eee see oe aoe eee 99Ug-3S 
eee 133% eve 1G'1Z eee 13°12 see ee 1C°02 eee 12°08 eee one 66 ane see Sap[eoteS 
one PS SO eee 7S'TS tee wo 1S aoe eee bS'0Z aoe $02 one one S60 see one apyeLelg 
R eee jVAVHA eee a oS TS 1Z eee : a TZ 12 eee eee TS'02 eee a a 1Z'0 eee a see “ eee eee eee SUIRIG 


S SP 1d eee EZ ST IZ eee eee UN ZN SP 02 tee N 8102 eee S 5S 61 "4AD *** eee stuaq-3S 
SC'IZ/Sh EZOP'Iz| “ [Sz Izisriziorte) “| °° |ssozspozior'oz) “ [szozistozijoroz| “~~ \ss'et\9r6t| “47? ~~ <a me eee 


6 |So | oF IL | SO | ab 6 |SO | OF LL |$O | 2b 6 | or | 7°"  WxOdLvTg 
06 | 19 | SZ 8 | 7 | OZ 8 | og | eZ 88 | to | 18 o6 | 22 | 7 °ON NIVEL. 
SNIVaT, NAOT 


‘panuyuoIi—NVSYAd-LNOWOAVAd LA NaANOOd ‘STuVd “Cl 


SO | dt |SO| 6G Ol |SO| bb Gt |S$O|;SO| 6 OL |SO/| bE aL i}SoO|}| 6 | Oh)" °~ WuOILV1g 
+ leg Tzize' Ezz Izize' Z| “2c UZ “Eze “Wz| “° izsOzlos‘ozseozize'0z| ** \zz0z0z OzZT'02| “- |PS'6T\OS GT|OS GLOP'6T) “47 ~~ ey PPS aie 
eee PS 1S eee PL IZ eee PP 0B eee PL 0 eve eee ov 6L 6 cane ee stu9q]~3S 
vee LANA eee IT1Z eee TP 02 eee IL02 + eee eee 6E'6I 6 see eee eee SUIRIS 
one SL IZ eee 8 aie, eee 8°02 see 8 02 see ose 9€° 61 We eID wee eNYeUII J 
eee n CT 13 eee G “1 id rN wee GE'0Z a eee G 02 a see PF 6L se see eee So]]P012G 
wee S €T IZ eee ¢ ‘IZ aS eee e€e°0Z aS eee ¢ 02 N eee TP 61 “s eee eee Bd1IG-3S 
os €2 12 OLIZ) “° \0 “I €9°0Z| “* |0€'02 €202) ~° |0 02 8S'61| ~" |S 6T aes oe *** WanedZ 
SA 6T 12 fe) ‘IZ eee eee 67°02 eee eee 61:02 eee eae PS'61 eee PECL # se eee eee oyureny 
eee PS CTI¢ 5 Vi ‘IZ wee eee ak CF'0Z eee see ay ae GT 02 see eee rN 0S°6I eee eee gk ys SS tee cee SIOTPHeI/] 
eee S OT TZ S 1&°0% eee eee aS 0F' 02 one eee aS aS OL'0Z eee aoe N Cr6L eee eee AS EN 02°61 $5 ese eee $9][921N07) 
See ST 1z/S ‘1Z10 "1z/ZS'0Z SF 0ZIZP 0ZISE'0Z eee eee Of 0ZIST'0Z'S 0z eee see 0 “0z|0P'6T eee eee 0f'61 02°61 eee ‘dap eee uvsi0g-juowNveg 

19 | 88 | S9 | 06 SL | tb | &8 OZ | 1S | 2S | 8 eZ | 39 | 88 LS O91 Ou Leelee 0 ONSET 

SNIVUT, df) 


‘panuyuoo—STaVd LA NANOOA ‘NVSYAd~LNOWNVad “TT 


280 


*9-G ‘sony ‘sULIOe[Y UBGINGING 193NO—"g'g 


see eee eee eee eee eee LS'0 se'0 eee ooe 170 (4 0 eee LS'€Z Ce’ ez eee eee LZ SZ aoe s "$7 see LS'%Z LO uvsied-}uOWUNveg 
coe eee eee woe eee eee 2c'0 eee ese 660 eee 69° ES eee eee BOE eee eee ZG SG eee “sé soe eee sa]feoino7) 
eee eee eee eee eco eee 170 eos eee 1T0 + eee 1B ES eee eee LEZ eee i eee 132 eee 66 eee eco SIOTPYEIAT 
wee eee eee ove wee __ler0 nee § eee €T0 | __Iev eee EEL SS eee i evs eee 66 eee eee aTAureny 
ose eee eee eee eee ¢ 7 6£'0 ¢f'0 eee 6 ‘0 r 0 6E°EZ eee ee Szi6 "$Z eee € "SZIGE Ze ane 6 see eee eee uenod3 
eee see eee eee see 6S°0 620 eee i 6S°E3 eee 62 ES i) see 69°2o eee “6 ese eee BdLIg-3S 
eee eee eee eee eee 1S°0 120 eee LG°§ ooe 1G&3 eee 1° ees 66 nee ove So]]PoteS 
see [see Jove [ore | oes tbe | 520 | | 5G'ES + pees a0C | 55°23 on6 66 ose 500 opyeelg 
eee eee aoe eee see TsS'0 pS + 120 eee # se TS'€Z d d eee IG EZ eee +e 1S'ZZ BS eee CoP eee see eee SUIeIS 
aoe one see eee eee 8F'0 aS a STO eee aS 7 8P'Es aS aS see ST ES see aS tA aS eee "44D °** eee siuaq-4IS 
ser [see | see | ore | se long [gz'0 ISTO OF'0 | “* \SS'SziSh'EzOP EeziszEzistez) -- jOrezss'7z) “ SP'ezOR Ze|se77) ** “dap oot hee eee 

OL | LL | SO | Gb 6 |SO| OF | HE | SO oe | 6G SO | Ob | Et Sy ae ORL, 

ps | 18 | so | 88 06 | tS | SZ | 92 | 9S $8 | €Z 19 | v8 | 18 ee ON ee 


SNIVET, NANOG 


On 


‘panuyuoI—NVSYAd-LNOWOAVAG La NANOOA ‘STUVd “Ct 


281 


$0 |SoO| a | 6 \i0 Ob | Ub ot |SO| 6 Ob | bE so | 2! | 6 |SO Ob} | HE | SO | °° °° WaOdLvIg 
SPE ISIE (220 [00 \ssezizsezize'ez| “° \zzezozezie “€2) "|Z “Ezizs'zz| “lor zziLEezelee eeloe zz| “* L “Se\eS TeOS 12) “447 ne "SUR 
eT O PY Es * WLES * 1PG'COIPh' So) °° PT 3S ie aks ae pa LS) 
ITO + Th £3 eee ITES ove TG 33 TP 33 eee 4) Il 23 eee ‘; TP 12 sé eee eee eee SUIe{S 
9 4k | 8e°ES eee 8 eS eee 8h ZSI8E' SS eee 8 ‘BO eee BE" TZ se oe eee ayyo1s 
¢°0 + rot cd I 22 A | (GPBSGESS * ds G 3S Se ols «lao. Le pa Nee bt | eet) 
€0| # ere) ® | --- le “€2 A | -- leyBaeesel « A |e 3 | ® lees tet 8 cfios | Masini 
i 4 O€ E2\€z Ez) “0 “2 €S'22| “** OF 220822)“ €S 22/0 “22 * ISS 1708 12 ae pe "*; uenodg 
eee 6G ES ove 6T' £3 eee tee 6i'2o eee eee eee see 6133S eee eee 6713 tee 66 see see aTaureny 
Lh eee 8h ES h eee CL Es eee aes a Cr 2s eee BE Zo eee cee CTZ3 eee + eee CPZ eee + 66 eee eee SIOIEJEIAI 
z AS soe CR ES AS ate OT ES see see A OF 23 see aes ee tee 0133 see aS see 0 12 ee aS 66 eee eee $9][221N07) 
[yaa § Ss'0 ore SE EZISE Ez ee c "€Z eee eee 0 "ezISE'27Z eee PZ ce eee eee 22 ZelS ‘TZ eee 0 eZz ene Ge 1Z eee 0¢' IZ ‘dap eee UbSI9g-}UOLUNLOG 
19 | 99 | G8 | €2 | SS | 8 | 28 88 | bS | 06 GL | 9L Sv | G8 | €Z | &9 PO 2860 CON NS 
SNIVET, dQ) 
° ¢ e 
panuyuoi—STaVd LA NANOOA ‘NVSUAd~LNOWONVaAd “TE 


APPENDIX VIII 
MAP. 


INDEX 


Abel, Sir Frederick, 168 
Aberdare, Lord, 125 
Aberdeen, railway race to, 56 
Acceleration, 49 
» of journey, 54, 55 

Acquisition of Channel Tunnel Companies, 226 
Acworth, Sir William, 32 
Adhesion of electric locomotive, 49 
Admiralty, 190 
Adye, Lt.-Gen. Sir John, Surveyor-General of Ordnance, 121, 123 
Aeroplanes, 184, 185, 186 . 
Air Ministry, 190 
Air-resistance, 44, 45 

- a on bogies, etc., 46 

35 eS, on surface of train, 45 
Alison, Major-Gen. Sir A., Bart., 121, 156, 166 
American traffic, 13, 54, 83 
Angle of vision, 64 
Anglo-French International Commission on Channel Tunnel, 117 
Anglo-Scottish traffic, 55, 56 
Ashford-Boulogne, 57, 231 
Average load of merchandise, 14 
Average traffic, 21 


Baisieux (Belgian frontier)-London, via Boulogne, 110 
Baldwin, Rt. Hon. Stanley, 189 
Balfour, Lord, 189, 198 
Barking, generating station, 52 
Barrie, Sir James, 78 
Batcheller, Mr., 45, 46 
Baxter, Mr., 125 
Belgium-London via Boulogne, 57, 109 
Board of Directors, 72 
5 Trade, 190 
Board of Trade Journal, 53 
Bogies, locomotive, 50 
Bombardment of Channel Tunnel, 184 
Boulogne, distances to places served by Nord railway, 111 
” -London, 54, 56, 57, 231 
- 3 services, 1928, 59 
ss railway centre, 111 
Bowerman, Mr., 187 
Brady, Mr. Francis, 6, 199, 211 
Branches, 13 
Break of gauge, 12 
Briand, M., 192 
Bridges and viaducts, 27 
British Army capable of guarding Channel Tunnel, 181 
British 1928 Budget, 67 
Broad gauge, cost of, 25 
ns »» economies of, 30 
A », higher power of motors, 24 
Brown Boveri & Co., Ltd., 49 
Bull, Rt. Hon. Sir William, Bart., 187 


285 


286 INDEX 


Burrowing junctions, 64 
Bus capacity, 8, 9 


Campbell-Bannerman, Sir Henry, 191 
Camperdown, Earl of, 125 
Capital expenditure, 70, 73, 75 
ra BF French in francs, 75 
»»  Assue, 70, 73 
Car-load lots, 14 
Carriage seating capacity, 9, 10 
Carus-Wilson, Professor, 44, 45, 46 
Central Europe-London, via Boulogne, 109 
Chamberlain, Sir Austen, 179, 194 
Mr. Joseph, 121 
Chancellor of Exchequer, 67 
Channel, English, geological formation, 114, 202-204 
e Tunnel approaches, gradients, 2, 22 


” ir 5 length of, 2 

%5 », Company, 118, 187 

+ acquisition of, 226 

5 », convenience of, 54 

3 », cost, 226 

33 », different gauge from French railways, 181, 186 
. ; duration of journey, goods trains, 16 

‘D » Fox report, 6, 7, 199-212 

> », increased carrying power of broad gauge, 23 
> », inspection of permanent way, 17 

ny », insularity of Great Britain unaffected, 181 

a ;, Lansdowne Report, 126 

” ” length, 2 

6 », and National Defence, I, 114 

» » II, 178 

5 ap not solely military question (Lansdowne), 148 
3 Sala, impossible of success, 180 


», safety in working, 22 
Churchill, Rt. Hon. Winston, 67 
Cologne-London, via Boulogne, 57, 109 
Colson, C., author of ‘‘ Transports et tarifs,” 86, 88 
Committee of Chiefs of Staffs, 190 
», of Imperial Defence, 189, 190, 192 
Completion date, 54 
Concessions, French railway, involve no monopoly, 86, 112 
Consulting Engineer’s Report, 197, 198 
Control, two companies, 72 
3 unified, 71 
Cost due to broad gauge, 25-30 
», of Channel Tunnel, 226 
», of English section of railway, 223 
», of French section of railway, 225 
», of London and Paris Railway, 226 
Current, purchase of, 52 
Curves, 4 
Curzon, Viscount, 187 
Customs examination of goods, 15 
53 Paris-Brussels express, 20 
as An at termini, 1, 20, 21, 34 


Day-return, London-Paris, 55 
Dead-weight load, 15, 25 
Deauville-London, via Boulogne, 110 
Deceleration, 41, 42, 43 


INDEX 


Derby, Lord, favourable report on Channel Tunnel, 116 
Devon, Ear] of, 125 
Dining cars, 40 
Direct series system of teaching foreign languages, 79, 80 
Disc wheels, 39 
Distance, Boulogne to Channel Tunnel, 43 
Dividend, proposed, 71 
Double heading, 18 
Dover, 160-164, 182 
Duration of journey, London-Boulogne, 227 
rn ss London-Paris, 227 
Duval, M. Raoul, 119 
Dynasties, 179, 186 


Earthworks, 26, 222, 224 
Economical speed, goods trains, 19 
Economies of the broad gauge, 9-11, 19, 23-25, 30, 34 
% », electric locomotive, 50 
Edinburgh, railway race to, 56 
Electric locomotives, 36-40, 47-51 
i “yA type recommended, 50 
»» _ power and running expenses, 33, 71 
Electrical system, 51 
», transmission system, 40, 52, 223, 225 
“ Elements of Railway Economics,” 32 
Engine-driver, daily mileage, 69 
English local traffic, 62 
- » goods traffic, 68 
English northern railways, 16, 56, 81 
Equity in the abstract, 67 
Estimated receipts, expenses, dividends, 70, 71 
Estimates for Channel Tunnel, 226 
" », English section of railway, 222, 223 
Ae », French section of railway, 224, 225 


Facilities create traffic, 56 
Failure, four-wheel stock liable to, 19 
Fare, average, Ashford-Boulogne, 60 
~ a London-Boulogne, 60 
3 a London-Paris, 60 
Fares and basis, 59, 60 
Financial resources of England, France, and U.S.A., 77 
Flange friction, 38 
Flying junctions, 64 
Fog signals, 64 
Foot, Mr., 187 
Foreign visitors to England, 82 
Fox, Sir Douglas and Partners, 6, 7, 187, 199-212 
», Sir Francis, 1 
France and Belgium, population, 53 
century of peace with Great Britain, 180 
foreign policy since Great War, 179, 180 
», second Empire, military spirit of, 178 
French language, 78, 79 
» local traffic, 68 
», railways, bonus, 103 
conventions of 1859, 89 
of 1883, 94 
4 of 1921, 100 
historical sketch, 85 
results, 1914-20, 99 


9 


2D 


2? ” 
) ” ” 


288 INDEX 


French railways, results, 1921-25, 107 


” ” ” 1926-27, 107 
a dys self-supporting, 72, 100 
5p - and the State, 86, 88, 94, 98-106 


5 A Superior Railway Council, ror, 106 
Freycinet, M. de, 92, 93, 94. 


Gamond, Thomé de, 1, 114, 115, 200 
Gas attack on Channel Tunnel, 184 
Gauge, 8, 227 

», broad, accommodation, g, 10 


6 », of India, 11, 25 
ry »» passenger traffic, 20, 25 
rf »» recommended, 35 


” ”» waggons, 10, 15 
», Channel Tunnel different from French Railways, 181, 186 
»» Metre, of India, 11 
», standard, accommodation, 9g, 10 
_ . waggons, I0, II 
Gear ratio for electric locomotives, 50 
General Electric Company’s locomotive, 49 
», staff, 189 
Gennevilliers generating station, 52 
Geology of Channel Tunnel, 114, 115, 202, 203 
Golders Green, 67 
Goods traffic, 13, 60, 61, 68 
ry »» economical speed, 19 
ra 3 transfer essential, 14, 15, 19 
Goss, Professor, 45, 46 
Gouin, Francois, 78, 79 
»» System of teaching foreign languages, 78, 79, 80 
Gradient, average, of railway, 3 
Gradients of railway, 1, 2, 3 
Granville, Lord, favourable report on Channel Tunnel, 116 
Great Britain and Ireland, population, 53 
», Eastern Railway statistics, 66 
», Western Railway, 12 
Guns, long-range (for defence of Channel Tunnel), 185, 186 


Harcourt, Mr., 125 
Haul, length of, 15 
Havre-London, via Amiens-Boulogne, 110 
Head out of window, 37 
Headway on grade, 22 
High-speed traction, 36 
Holiday traffic, 21, 23 
Holland-London via Boulogne, 57, 109 
Home Ports Defence Committee, 189 
Horse-power, 47-49 

~ 7,000 at 120 m.p.h., 48 
House of Commons Channel Tunnel Committee, 187-189 
Hythe, 182, 185 


Inadequate accommodation on standard gauge, 22 
Indian gauges, 11, 25 

Inspection of track in Channel Tunnel, 17 
Institution of Civil Engineers, 44, 45 

Interest during construction, 76, 223, 225, 226 
Intervals between trains, 17, 18, 22, 231 

Iron road creates good-will, 193 

Italy-London via Paris, 109 


INDEX 


Javery, M. Paul Emile, 199 


Kellogg, Mr., 192 

Kent, standard gauge communication with London, 34 
Kentish coalfields, 13, 68 

Key, Admiral Sir S. Cooper, 120, 160 


Labour operating cost, 31-33 
Land values, 67 
Languages, teaching of, 78 
Lansdowne, Marquess of, 22, 125 
. Pe draft report on Channel Tunnel, 126-1 
League of Youth, 78 : : ag 
Length of haul, 200 miles, 15 

» Of train, 40 
Lloyd George, Rt. Hon. David, 189 
Loading, better, 15, 19 

», through, 16 

Location of down and up lines, 64 
Locomotives, electric, 36, 38, 39, 44, 47-51 
London-Boulogne services (1928), 58 
General Omnibus Co., Ltd., 8 
» greater, population, 53 
-Paris air services, 20 

», and Paris Railway mileage, 3, 227 

»» 7Paris services (1928), 57 

», suburban services, 62-67, 81, 242-253 
Lopes, Sir Massey, 125 
Lyons, Lord, 116 


MacDonald, Rt. Hon. Ramsay, 187, 188, 194 

Macdougall, General Sir Patrick, 163 

Machinery for transhipment, 14 

Mails, 60, 75 

Maintenance and renewal of rolling stock, 32, 71 
ee % oF of way and works, 32, 71 
45 work hours, 17 

Majendie, Colonel, 168, 169 

Map of route, 283 

Mathieu, M., 114, 200. 

Maximum versus average services, 21 

Meetings of shareholders, 72 

Merchandise traffic, 14 

Metropolitan Carriage, Wagon, and Finance Co., Ltd., 9 

Midland Railway, 56 

Mileage of railway, 3, 227 

Ministry of Transport, 190 

Motor-cars, 182, 186 


National Defence I, 114-125 
” ” II, 178-194 
National security, 187 
Non-stop suburban services, 62-66 
Nord Railway Co., 86, 95-105, 107-113 
concession, 86, 112, I13 
effect of construction of proposed railway, 109-111 
. os ,, littoral, 110 
Northern Europe-London, via Boulogne, 57, 109 
an France-London, via Boulogne, 57, 109 
Novel features in present scheme, 194 
Number of trains, 18, 19, 231-281 


” ” ”» 
” ? ” 


289 


290 INDEX 


Oakley, Sir Henry, 61 
O’Connor, Mr. T. P., 187 
Omnibuses, 8, 9, 65, 223, 225 
Origin of traffic, 20 

Outer suburban services, 67 
Oxford, Lord (Mr. Asquith), 189 


Parabolic wedge, 39 
Parcels, 60, 70 
Paris-Brussels express, 20 
», -London services, 55, 58, 231 
»» population, 53 
», suburban services, 68, 269-281 
Partner in the Great War, 193 
Passenger traffic and the broad gauge, 20 
Passengers, American, 13, 54, 83 
A England and Continent, 53 
. increase due to Tunnel, 54 


” », to higher speed, 54 
» number of, 21, 55 
ie per train, 21, 41 


Peace Pact, 192, 193 

Peel, Mr. Arthur, 125 

Permanent way, 29, 37; 50, 51, 85, 222, 224, 225 
Pick, Mr. Frank, 8 

Platforms, 40, 63 

Population statistics, 53 

Power to weight, ratio of, 24 

Precautions for Tunnel working, 22, 127, 128 


Radius of curves, 4, 5, 37, 38 
Raid on Channel Tunnel, 152-171, 180-185 
Railway rates tribunal, 84 
Railways Act, 1921, 84 
Rates, local, 67, 71 
Raynal, M., 94 
Receipts, gross, 70, 74, 75 
» nett, 71, 74,75 
», supplementary, 69, 71,74, 75 
Reception of scheme in England, 81 
», France, 85 
Reliable estimates, 76 
Renewals, 32, 7 
Residential Aaa 6, 62-68 
Resistances and speed, 44-48 
Retardation, 42, 43 
Rice, Admiral, 159 
Riviera-London, via Paris, 109 
Road transport agencies, 65, 66 
Rolling stock, 29-32, 38-40, 71 
- » estimates, 213-220, 223, 225 
» 9» high speed, 37-39 
», overall width, 23, 24, 38, 46 
Rouen- London, via Amiens-Boulogne, IIo 
Royal-Dawson, "Mr. F. G., M.Inst.C.E., 11 
Royal road to languages, 80 
Running expenses, 33, 71 
Rush hours service, 62-65 
” ” staff, 65 


St. Louis electric railway test Commission, 45 


INDEX 291 


Sartiaux, M., 6, 115, 199, 211 
Seating capacity, 9, 10, 23, 24, 41, 213, 214 
Seats per day, 41 
Service interval, 40, 231 
Services, present Continental, 54, 55, 57-50 
», _ suburban, 23, 62-67, 242-253, 209-281 
Shareholders’ meetings, 72 , 
Shute, Lord, 125 
Sidings, 29, 223, 225 
Signals, 51, 63, 64, 222, 224, 226 
Signal post where trains pass, 63 
Sound scheme, 76 
South Germany-London, via Paris, 109 
Southern railway, 81-84 
re a American traffic, Southampton-London, 83 
Fe 3 coast and suburban traffic, 84 
Speed of American electric locomotive, 36 
», _ between London and Boulogne, 43, 227.» 
” . 9 », Paris, 42, 227 
»» Maximum, 120 miles per hour, 43 
», of trains through Channel Tunnel, 18, 41-43 
», _ Of Zossen high-speed car, 1, 36 
Stability at high speed, 25 
Stations, 40, 222, 224 
3 suburban, radius of, 66 
Statistical details, English section, 73, 74, 222, 223 
Ns »,__ French section, 73-76, 224-225 
Stead, Mr. W. T., 78, 80 
Sterling issue, 72 
Stevens, Mr. Theodore, M.Inst.C.E., M.I.Min.E., M.LE.E., 197, 198 
Streamlines, 37, 39 
Sub-stations, 52, 223, 225 
Suburban services, 23, 62-67, 242-253, 269-281 
if », and broad gauge, 23 
Successful issue, requirements for, 76 
-Summer holiday traffic, 21, 22 
Supplementary nett receipts, 69, 71, 74, 75 
Swan, Mr. Howard, 78 
Swiss Federal Railways, 50 
Switzerland-London, via Paris, 109 


Tare weights, 9-11 
Teaching of foreign languages, 78 
Telephones, 162, 182, 1 
‘Temperature of Channel Tunnel, 17 
Third-rail system chosen, 52 
Through loading, 16 
Through standard-gauge routes to London, 34 
Time-tables ; 1. London and Ashford to Continent, 231 
. Continent to Ashford and London, 231 
. English section down trains, 232-236 
*» 5c up trains, 237-241 
. Farningham, Sidcup, and London, 242-253 
. London, Sidcup, and Farningham, 242-253 
. French section up trains, 254-259 
i », down trains, 260-265 ; 
. Montreuil-sur-Mer, Boulogne et Wissant-Marquise, 266-268 
. Wissant-Marquise, Boulogne et Montreuil-sur-Mer, 266-268 
. Beaumont-Persan, Ecouen et Paris, 269-281 
An 12. Paris, Ecouen et Beaumont-Persan, 269-281 
Timing schedule, London-Boulogne, 43 


” 
” 


OO ON AnPWN 


. 
. 
~~ 


292 INDEX 


Timing schedule, London-Paris, 42 
a = through Tunnel, 18, 19, 42, 43 

Tracks, number of, 3, 4 
Tractive effort, 48 
Traffic, 53 

»» annual, 41 

», density of, 13 

»» _ expenses, 33, 71 
Train dimensions, 46 

», resistance, 39, 46-48 


” 1 data, 36 
» ” due to side wind, 48 
» miscellaneous, 46 


> 
» weight, 40, 46 
Tramways, 65 
Transfer signal, 64 
Transhipment for customs, 15 
a inevitable, 19 
. in U.S.A., 14 
Transit hours, 54 
», time, effect of reduction in, 54 
Tunnel, Channel, single track in each direction, 7 
Tunnels, England, 6, 29, 222 
53 France, '7, 29, 224 
op one-way traffic, 7 


Under-contact third rail, 51, 52 
Underground railway, 67 
Unemployed labour, 77, 191, 192 
Unified control of railway, 71 
Uninterrupted land journey, 56 
Unit cost, transhipment, 14 


Ventilation of tunnels, 37, 128, 129, 209 
Viaducts, 5, 6, 27, 28, 186, 222, 224 
Vivian, Sir Henry Hussey, 125 


Waggon capacity, 10, I1, 15, 214 
eloading. 31 
War Office, 190 
Warships, 185 
Watkin, Sir Edward, 119, 120 
Way and works, 32, 71 
Weight per carriage, 9, 10, 38, 40 
a », locomotive, 38, 40 

Western Europe, population, 53 
Wilson, Professor Carus-, 44, 45, 46 
Wind pressure, 36, 37, 45 

a A and broad gauge, 23, 24, 25 

», resistance, 37, 46, 47 

», tunnel, 39, 45 
Wintringham, Mrs., 187 
Wireless, 182, 183, 186 
Wissant, 185 
Wolseley, Lord, 120, 123, 147, 151-154, 156, 157, 160-163, 166, 173, 178 
Works, 4, 5, 6, 222, 224, 226 
Working expenses, 34, 69, 71, 74, 75 
Worthington-Evans, Sir Laming, 179 


Zossen high-speed trials, 1, 36 


PRINTED IN GREAT BRITAIN BY WILLIAM CLOWES AND SONS, LIMITED, LONDON AND BECCLES. 


—This Book~must be returned to 
the Library on, or before, the 
last date shown below. 


ob pNeatsaes cae essa asc OUeascceensmumsanseOus|lnrvess vs cvhacenssanseslssathwnneceeeccasectcccete 


